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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a process for the recovery of e-caprolactam from polyamide 6 and polyether
polyurethane comprising materials. More particularly, the present invention relates to a process for the recovery of both
purified e-caprolactam and polyether polyurethane from polyamide 6 and polyether polyurethane comprising materials
on an industrial scale.

BACKGROUND OF THE INVENTION

[0002] <&-Caprolactam is an important organic chemical raw material, mainly used in the production of polyamide 6
(PA®G), that is also known as Nylon 6 (N6) or polycaprolactam. It is well-known that e-caprolactam can be prepared by
liquid phase Beckmann rearrangement of cyclohexanone oxime in the presence of oleum, a mixture of sulfuric acid and
SO; or by gas phase Beckmann rearrangement of cyclohexanone oxime in the presence of a solid catalyst. Generally,
this type of e-caprolactam is referred to as "virgin e-caprolactam". The required cyclohexanone oxime for the formation
of (virgin) e-caprolactam can be prepared from cyclohexanone that is mainly produced from benzene (see e.g., Ullmann’s
Encyclopedia of Industrial Chemistry (2018) Chapter ‘Caprolactam’; https://doi.org/10.1002/14356007.a05_031.pub3).
Most of this benzene originates from non-renewable fossil resources like oil and coal.

[0003] Initially, pure PA6 was used for the production of textiles, including stockings. Later, in order to improve the
properties of the fabrics, a wide array of blended fabrics has been developed and produced. Especially, polyether
polyurethane has been incorporated into a wide range of garments. A benefit of polyether polyurethane is its significant
strength and elasticity and its ability to return to the original shape after stretching and faster drying than ordinary fabrics.
Improved elasticity of fabric is often obtained by applying blended yarns that are made by blending PA6 fibers and
polyurethane fibers. Examples of clothes containing fabric blends of PA6 and polyether polyurethane include stretchable
stockings, underwear, and sportswear. Moisture permeability and waterproofness of fabrics can be obtained by process-
ing (e.g., coating) the surface of PA6 fibers with a polyurethane resin. These surface treated yarns are often used for
the manufacturing of, e.g., raincoats, cold weather clothes, and skiwear. Polyether polyurethanes that are used for the
production of garments are also often called Spandex, Lycra or elastane.

[0004] Recycling of PA6 enables the conservation of fossil resources and can add value to the circular economy.
Mechanical recycling of wasted PAB, processes in which wasted PAG is transferred into secondary raw material or into
products for which (preferably) the chemical structure of the material is only minimally changed. Conversion of PA6 and
depolymerization of PA6 are two forms of chemical recycling of PAB. In the conversion recycling process PAG is broken
down into oil- or gas-like feedstock that can replace newly extracted fossil feedstock. The resulting products can be used
to produce chemicals including monomer e-caprolactam. In the depolymerization recycling process PAG is broken down
into its monomer building block e-caprolactam. Depolymerization recycling processes for PA6 are well developed for
clean and rather pure wasted PA6 products. Mechanical recycling always results in downcycling, so the properties of
the products made of mechanically recycled PA6 are always worse than those made of virgin PA6. Chemical recycling
of wasted PAG containing materials, however, also might allow the production of high purity e-caprolactam with properties
similar to those of virgin made e-caprolactam that afterwards can be converted into high grade PA6. Unfortunately,
chemical recycling of wasted PA6 containing materials is often hampered by the presence of impurities in wasted PA6
materials. Generally, as a consequence of the presence of these impurities, the quality of the produced g-caprolactam
is inferior compared to virgin e-caprolactam.

[0005] Depolymerization of blends of PA6 and polyether polyurethanes has many disadvantages compared to depo-
lymerization of rather pure PA6. These disadvantages include amongst others blockage of piping and other pieces of
equipment by polyether polyurethanes and their decomposition products, inferior quality of the produced e-caprolactam
due to the presence of decomposition products of polyether polyurethanes, (strongly) reduced e-caprolactam recovery
yields, poisoning of the depolymerization catalyst and thus higher consumption of depolymerization catalyst. Another
disadvantage of the addition of blends of PA6 and polyether polyurethanes to a depolymerization reactor is that the
polyether polyurethanes are destroyed. Thus, the recycling of the polyether polyurethanes, which are more valuable
than PAGB, is not possible.

[0006] Virgin elastane fibers are produced by dry or wet spinning processes that start from an elastane spinning
solution that is made up of polyurethanes in suitable solvents such as dimethylacetamide or dimethylformamide.
[0007] Direct recycling of normal (pure) elastane wasted fibers, e.g., from yarn production, by dissolution in the em-
ployed spinning solvents proofed to be unsuccessful due to the high viscosities that prevented further processing.
[0008] US6830715B1 describes a method for producing elastane threads from spinning solutions using recycled
elastane material that overcomes the before mentioned viscosity issue by addition of a secondary aliphatic amine to a
mixture of (cut) elastane fibers and spinning solvent. The dissolving of the (cut) elastane fibers is realized at a temperature
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of 60 °C to 150 °C.

[0009] In the past already several attempts have been described for the recycling of blends of PA6 and polyether
polyurethanes.

[0010] JP2011088943A describes a pre-treatment method for separating polyether polyurethane from a PA6 product
containing polyether polyurethane that is followed by depolymerization of the residual PA6. The pre-treatment includes
heating the PA6 product containing polyether polyurethane together with a cyclic amide containing solvent at tempera-
tures from 80 °C to the boiling point of the solvent. JP2011088943A states that the amount of the cyclic amide compound
in the cyclic amide compound solvent is preferably 50% by weight or more, more preferably 85% by mass or more.
JP2011088943A states further that the cyclic amide compound solvent may contain components other than the cyclic
amide compound such as water and an organic solvent, and water is particularly preferable from the viewpoint of
operability. The experiments described in the patent were performed with aqueous solutions that contain 50 and 85 %
by weight N-methylpyrrolidone, 85 % by weight 2-pyrrolidone or 85 % by weight 2-piperidin as solvent at a temperature
of 110 °C during a period of 2 hours. As a result of this treatment, the polyether polyurethane is partly decomposed and
dissolved in the solvent. Consequently, the resulting PA6 product from which polyether polyurethane has been removed
and from which the solution is separated by filtration, is depolymerized. However, JP201108894 3A is silent about recovery
of the polyether polyurethane that is partly decomposed. Neither the fate of the used solvent is described.

[0011] WO2013032408A1 describes a method of recycling polyamide fibers including polyamide 6 and polyamide 6,6
comprising polyamide and spandex. Spandex fibers are removed from the elastomeric fabric by a process comprised
of: controlled thermal degradation of spandex, controlled washing treatment for removal of spandex or its degradation
products from high purity polyamide by using a suitable and sustainable solvent, preferably ethanol, and the final step
to remove excess solvent from the polyamide fibers. The temperature range used during thermal treatment of polyamide
fibers (including polyamide 6 fiber) is 150 °C - 220 °C, preferably from 190 °C - 216 °C and preferably during a period
of 0.5 to 4 hours. Thereafter, the heat-treated fabric is washed with preferably ethanol to remove the spandex and its
degraded components at temperatures ranging from 5 °C to 78 °C. W0O2013032408A1 is silent about the recovery of
spandex and its degraded components from the washing solvent.

[0012] In view of the above, up to now no process exists for the recovery of both purified e-caprolactam and polyether
polyurethane from polyamide 6 and polyether polyurethane comprising materials on an industrial scale. The reason why
no recycling processes for the recovery of both purified e-caprolactam and polyether polyurethane from polyamide 6
and polyether polyurethane comprising materials on an industrial scale are realized lies in the fact that in all processes
to bring the elastane into solution it is necessary to apply high solution temperatures, usually well above 100 °C. At these
temperatures, however, degradation of elastane starts and only inferior quality material is obtained after recovery. As a
consequence, the fate of the recovered elastane is often limited to incineration and land filling. Another disadvantage
of dissolution processes at high temperatures is the formation of degradation products of the applied solvent, which
might hinder the recovery of polyamide 6 and polyether polyurethane and the recycling of the applied solvent.

[0013] From the viewpoint of reducing carbon dioxide emission, it is of eminent importance to recycle polyamide 6
and polyether polyurethane comprising materials and thereby recovering purified e-caprolactam and polyether poly-
urethane.

[0014] The raw material price of virgin polyether polyurethane is high, in general even more than two times higher
than that of virgin PA6. Thus, there is a large economic incentive for the recovery and re-use (recycling) of both wasted
polyether polyurethane and PAG.

[0015] A problem with the prior art processes is that they consume a large amount of energy for the recovery of
dissolved elastane from solutions because the dissolved elastane is typically obtained by removing the solvent by
evaporation.

[0016] Another disadvantage of the prior art is that a suitable recovery and re-use (recycling) strategy of solvent(s)
used for recovery and re-use (recycling) of polyether polyurethane and PA6 from polyamide 6 and polyether polyurethane
comprising materials is not provided or known.

[0017] Finally, there is a need for processes that allow the recovery of pure g-caprolactam and polyether polyurethane
from polyamide 6 and polyether polyurethane comprising materials on an industrial scale in order to process the huge
amounts of polyamide 6 and polyether polyurethane comprising materials that are wasted annually.

SUMMARY OF THE INVENTION

[0018] It is an object of the present invention, to satisfy one or more of the above-described needs and to overcome
the disadvantages associated with the prior art methods.

[0019] In particular, it is an object of the present invention to provide a process for recovering e-caprolactam from
polyamide 6 and polyether polyurethane comprising materials. It is also an object of the present invention to provide a
process for recovering both purified e-caprolactam and polyether polyurethane from polyamide 6 and polyether poly-
urethane comprising materials.



10

15

20

25

30

35

40

45

50

55

EP 4 306 585 A1

[0020] Itis afurther object of the invention to provide a process for recovery of both purified e-caprolactam and polyether
polyurethane from polyamide 6 and polyether polyurethane comprising materials on an industrial scale.

[0021] Itis also an object of the invention to provide a process for recovery of both purified e-caprolactam and polyether
polyurethane from polyamide 6 and polyether polyurethane comprising materials in an economically responsible manner.
In this regard, it is in particular an object of the present invention to provide a process that is suitable to recover both
purified e-caprolactam and polyether polyurethane from polyamide 6 and polyether polyurethane comprising materials
and that does not exceed the production costs of virgin high purity e-caprolactam and polyether polyurethane.

[0022] Itis afurther object of the invention to provide a process for recovery of both purified e-caprolactam and polyether
polyurethane from polyamide 6 and polyether polyurethane comprising materials which is characterized by a significantly
lower carbon footprint than a process for producing virgin polyether polyurethane, e.g., by reaction of polyether polyols
and diisocyanate monomer, and e-caprolactam via new synthesis, e.g., by Beckmann rearrangement of cyclohexanone
oxime.

[0023] The invention therefore also aims to provide a process that reduces the environmental burden of wasted
polyamide 6 and polyether polyurethane comprising materials.

[0024] One or more further objects may become apparent from the remainder of the description.

[0025] All or at least some of the aforementioned objects are solved or at least mitigated to a large extent by the
process of claim 1, the plant of claim 13 and the products of claims 14 and 15.

[0026] Accordingly, the presentinvention provides a process for recovering e-caprolactam and polyether polyurethane
from a polyamide 6 and polyether polyurethane comprising material in a plant, wherein the plant comprises

- aseparation section [B],
- adepolymerization section [C], and
- arecovery section [D],

and wherein the process comprises the steps of:

a) charging the polyamide 6 and polyether polyurethane comprising material to the separation section [B];

b) separating the polyamide 6 and polyether polyurethane comprising material in a polyamide 6 rich stream and a
polyether polyurethane rich stream in the separation section [B] by selective dissolution of the polyether polyurethane
in an organic solvent at a temperature below 100 °C, preferably at a temperature ranging from 0 °C to 100 °C, more
preferably at a temperature ranging from 10 °C to 90 °C, even more preferably at a temperature ranging from 10
°C to 80 °C, and most preferably at a temperature ranging from 20 °C to 75 °C, wherein the polyether polyurethane
rich stream is a solution comprising the organic solvent and polyether polyurethane;

c.1) discharging the polyamide 6 rich stream from separation section [B] and charging the polyamide 6 rich stream
to depolymerization section [C] wherein the polyamide 6 content of the polyamide 6 rich stream is at least 85 % by
weight on dry-weight basis;

c.2) depolymerizing the polyamide 6 in the polyamide 6 rich stream in the depolymerization section [C] at a temper-
ature ranging from 180 °C to 400 °C so that an e-caprolactam comprising stream is obtained and discharging the
obtained e-caprolactam comprising stream from the depolymerization section [C];

c.3) recovering crude g-caprolactam from said e-caprolactam comprising stream in the recovery section [D];

d.1) recovering polyether polyurethane from the polyether polyurethane rich stream in the separation section [B]; and
d.2) discharging said recovered polyether polyurethane from the separation section [B] wherein the polyether poly-
urethane content of the discharged stream is at least 85 % by weight on dry-weight basis.

[0027] It was surprising that combining the special sequence of processing steps and process conditions according
to the invention, i.e., the sequence of the above-defined separation, depolymerization, and recovery steps, allows to
recover e-caprolactam from polyamide 6 and polyether polyurethane comprising material in high yields and in a straight-
forward and economically reasonable manner. The process of the invention is economically reasonable and advanta-
geous from several points of view. Firstly, the process of the invention is suitable for a large variety of polyamide 6 and
polyether polyurethane comprising materials that can, e.g., differ in their overall composition such as their polyamide 6
content. Secondly, the process of the invention allows to effectively separate polyamide 6 from polyether polyurethane
compounds so that high-grade polyamide 6 can be obtained. Thirdly, the process of the invention is so effective that the
obtained polyamide 6 can be depolymerized to high-grade e-caprolactam in high yields. Fourthly, the process of the
invention allows the recovery of polyether polyurethane that can be re-used to replace polyether polyurethane produced
by de novo synthesis, e.g., by reaction of polyether polyols and diisocyanate monomer. Fifthly, the process of the
invention allows the recovery of e-caprolactam from polyamide 6 and polyether polyurethane comprising materials on
an industrial scale in order to process the huge amounts of polyamide 6 and polyether polyurethane comprising materials
that are currently wasted. Lastly, the process of the invention allows to produce e-caprolactam with a significantly lower
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carbon footprint compared to e-caprolactam produced by de novo synthesis of g-caprolactam, e.g., by the Beckmann
rearrangement of cyclohexanone oxime. The process of the invention allows to process polyamide 6 and polyether
polyurethane comprising materials efficiently and to reduce the environmental burden of said materials. In particular,
the process of the invention allows the production of polyether polyurethane with a carbon footprint of less than 1 kg
CO, per kg polyether polyurethane, which is a substantial improvement compared to the 4.8 kg CO,, per kg polyether
polyurethane associated with the production of "virgin" polyether polyurethane obtained by chemical synthesis. In par-
ticular, the process of the invention allows the production of purified e-caprolactam with a carbon footprint of less than
3 kg CO,, per kg purified e-caprolactam, which is a substantial improvement compared to the 6.4 to 7.5 kg CO,, per kg
g-caprolactam associated with the production of "virgin" g-caprolactam obtained from a Beckmann rearrangement of
cyclohexanone oxime.

[0028] Next to the process of the invention, the present invention also provides a plant, in particular an industrial-scale
plant, for the production of purified e-caprolactam and polyether polyurethane from polyamide 6 and polyether poly-
urethane comprising material, wherein the chemical plant comprises

- optionally, a pre-treatment section [A],

- aseparation section [B],

- adepolymerization section [C],

- arecovery section [D], and

- optionally, a purification section [E], and

wherein the chemical plant is configured for carrying out the process of the invention.

[0029] The presentinvention also provides e-caprolactam obtained via depolymerization of polyamide 6 thatis produced
from polyamide 6 and polyether polyurethane comprising material according to a process of the invention, wherein the
e-caprolactam has a product carbon footprint of less than 3.0 kg CO, per kg purified e-caprolactam.

[0030] The present invention also provides polyether polyurethane obtained via separation from polyamide 6 and
polyether polyurethane comprising material according to a process of the invention, wherein the polyether polyurethane
has a product carbon footprint of less than 1.0 kg CO, per kg polyether polyurethane.

[0031] Advantageous embodiments of the invention are indicated in the dependent claims and are explained in more
detail in the following.

DETAILED DESCRIPTION OF THE INVENTION

The polyamide 6 and polyether polyurethane comprising material

[0032] The process of the invention uses a polyamide 6 and polyether polyurethane comprising material as starting
material. Typically, polyamide 6 and polyether polyurethane comprising materials are solid materials, in particular fibers,
yarns (i.e., strands of fibers that are spun together) or fiber-based fabrics, whereby the fibers are a blend of PAG fibers
and polyurethane fibers, or whereby the fibers are obtained by coating the surface of PAG6 fibers with a polyether poly-
urethane resin.

[0033] The polyamide 6 and polyether polyurethane comprising material can be both of pre-consumer and post-
consumer origin. The nylon 6 and polyether polyurethane comprising material can be a mixture of different nylon 6 and
polyether polyurethane comprising materials or a mixture of one or more nylon 6 and polyether polyurethane comprising
materials with one or more different materials.

[0034] Polyamide 6 and polyether polyurethane comprising materials can contain additional components. Such com-
ponents can be added, e.g., during the polymerization, the formation of the fibers or afterwards to achieve a desired
property variation. These compounds include, e.g., brightening agents, stiffening agents, anti-static lubricants, colorants,
brightening agents, spin finish, agents for surface smoothness, anti-oxidation agents, UV stabilizers, and so on. The
quantities of these additional components are dependent on the application of the polyamide 6 and polyether polyurethane
comprising material.

[0035] The weight to weight ratio of polyamide 6 to polyether polyurethane in polyamide 6 and polyether polyurethane
comprising material can vary. Preferably, the weight to weight ratio of polyamide 6 to polyether polyurethane ranges
fromca. 1:1to ca. 100 : 1, most preferably from ca. 3: 1toca. 20 : 1.

[0036] Polyurethanes are produced by reacting an isocyanate containing two or more isocyanate groups per molecule
with a polyol containing on average two or more hydroxyl groups per molecule in the presence of a catalyst or by activation
with ultraviolet light. The main ingredients to make a polyurethane are di- and tri-isocyanates and polyols. Diisocyanate
monomer methylene diphenyl diisocyanate (MDI) is the most commonly used isocyanate for the production of poly-
urethanes for garment applications.

[0037] Polyether polyurethanes are made by reaction of isocyanates with polyether polyols. Polyether polyols are
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generally made by polymerizing a cyclic ether compound onto an initiator compound. The cyclic ethers most commonly
used in polyether polyol production are ethylene oxide, propylene oxide and 1,4-butylene oxide or tetrahydrofuran (to
produce poly(butylene oxide) polyols). Poly(butylene oxide) polyols are used mostly in applications in which highly
hydrophobic characteristics are needed.

[0038] The use of the term "ca." or "about" in connection with numerical values herein indicates that the numerical
values may be affected by measurement errors which typically change the numerical values by not more than + 5%.
Numerical values disclosed herein together with the term "ca." or "about" are also meant to be disclosed as such, i.e.,
without the term "about". Further, numerical ranges as stated herein are meant to include and disclose each and every
value within that range. All upper and lower end points of ranges for the same parameter disclosed herein are combinable
with each other. All ranges for different parameters disclosed herein are combinable with each other. In particular, the
ranges of different or the same "preference level" are particularly compatible with each other. As used in the present
disclosure and claims, the singular forms "a," "an," and "the" include plural forms, especially in the sense of "one or
more", unless the context clearly dictates otherwise.

Possible pre-treatment steps

[0039] Before being subjected to step a) of the process of the invention, the polyamide 6 and polyether polyurethane
comprising material can undergo a pre-treatment in pre-treatment section [A], in particular size reduction in a mechanical
size reduction section and/or a cleaning in a cleaning section. Preferably, the process of the invention is performed in
a plant that further comprises a pre-treatment section [A], and wherein prior to step a) the polyamide 6 and polyether
polyurethane comprising material is subjected to a pre-treatment in a pre-treatment section [A], in particular to a cleaning
in a cleaning section and/or to a mechanical size reduction in a mechanical size reduction section. This has the advantage
that the polyamide 6 and polyether polyurethane comprising products that are charged to the separation section [B] are
less contaminated with foreign materials, which improves the yield and the purity of the e-caprolactam and the polyether
polyurethane that are produced in the plant of the invention configured to carry out the process of the invention. Another
advantage is that polyamide 6 and polyether polyurethane comprising products that are size reduced can be more easily
handled.

[0040] The dimensions and shapes of (wasted) polyamide 6 and polyether polyurethane comprising products are very
much depending on the exact application. (Wasted) polyamide 6 and polyether polyurethane comprising products range
from separate fibers and yarns (optionally presented in bobbins) to (wasted) woven fabrics and (used) garments.
(Wasted) polyamide 6 and polyether polyurethane comprising products can be contaminated with various types of dirt
(e.g., with mud, oil, paint or grease).

[0041] (Wasted) polyamide 6 and polyether polyurethane comprising products can be mixed with a whole range of
other materials, like rocks, glass, metal materials, organic waste and other polymer litter (e.g., polyamide 6,6, polyethylene
terephthalate (PET), polypropylene (PP) or polyethylene (PE)).

[0042] Preferably, the polyamide 6 and polyether polyurethane comprising material is fragmented into pieces before
they are separated in the separation section [B] in step b). This mechanical pre-treatment, i.e., the mechanical commi-
nution or fragmentation of the polyamide 6 and polyether polyurethane comprising material, can be achieved, e.g., by
cutting, punching, shredding, milling, grinding and/or chipping. In a preferred embodiment, polyamide 6 and polyether
polyurethane comprising material is charged into the separation section [B] of step a) in the form of pieces. Using pieces
of polyamide 6 and polyether polyurethane comprising material has the advantage that the pieces can be more easily
handled and/or cleaned by washing with a solvent. In a preferred embodiment, the polyamide 6 and polyether poly-
urethane comprising material is charged into the separation section [B] of step a) in the form of pieces which have on
average, along the longest axis of the piece, a length of 1 mm to 100 m, preferably from 3 mm to 1 m and most preferably
from 1 cm to 50 cm. The skilled person can easily determine the average length along the longest axis of the employed
pieces by first taking a representative sample of the pieces, then measuring the length of the longest axis of each of
these pieces (e.g., 50 pieces), and finally calculating the average value of all these individual measurements. The
preferred particle dimensions can also be described in terms of average particle weight. Preferably, the pieces of polya-
mide 6 and polyether polyurethane comprising material have an average particle weight from 0.01 gram to 25 kg,
preferably from 0.05 gram to 1 kg and most preferably from 0.1 gram to 100 gram. Experiments have shown that pieces
of polyamide 6 and polyether polyurethane comprising material of the aforementioned size or weight dimension are
particularly well suited for handling in the process of the invention and/or cleaning by washing with a solvent.

[0043] Optionally, prior to the mechanical comminution or fragmentation of the polyamide 6 and polyether polyurethane
comprising material, large metal fragments, rocks and other disturbing materials that cause severe wear of the equipment
used for the mechanical comminution or fragmentation are removed. Preferably, also foreign materials including, but
not limited to, polyethylene, polypropylene and polyamide 6,6 comprising materials are removed prior to the mechanical
comminution or fragmentation of the polyamide 6 and polyether polyurethane comprising material. The removal of foreign
materials can be done mechanically or manually. The removal of these disturbing materials has the advantage that the
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maintenance cost of the equipment used for the mechanical comminution or fragmentation can be reduced to a large
extent. In addition, the polyamide 6 and polyether polyurethane content of the material obtained after mechanical com-
minution or fragmentation is higher than without removal of the disturbing materials. In particular the removal of polyamide
6,6 is advantageous because it disturbs the depolymerization of polyamide 6, reduces the recovery yield of e-caprolactam
and disturbs the subsequent purification of the recovered ¢-caprolactam.

[0044] Optionally, foreign materials are separated from the polyamide 6 and polyether polyurethane comprising material
that has been mechanically comminuted or fragmented. To this end, various separation processes are applicable,
including, but not limited to, density separation and magnetic separation. In density separation, materials of different
densities are placed in a liquid of intermediate density, where the less dense material floats and separates out from the
more dense sinking material. In practice, density separation is often done by a series of density separation stages. E.g.,
in one stage, the high density materials like rocks, sand and metals (including iron and lead) are separated off, while in
another stage low density materials, like polyolefins polypropylene and polyethylene, are separated off. Magnetic sep-
aration is the process of separating components of mixtures by using magnets to attract magnetic materials. The process
that is preferably used for magnetic separation detaches non-magnetic material from magnetic material. The removal
of foreign materials in the comminuted or fragmented polyamide 6 and polyether polyurethane comprising product
material is advantageous because such materials can disturb the separation of polyamide 6 and polyether polyurethane,
the depolymerization of polyamide 6, reduce the recovery yield of e-caprolactam and/or disturb the subsequent purification
of the recovered g-caprolactam.

[0045] Optionally, the polyamide 6 and polyether polyurethane comprising material is cleaned by washing with a
solvent, preferably water, prior to being charged to the separation section [B]. Preferably, washing agents ranging in
concentrations from 0 to 20 % by weight relative to the solvent are added to the solvent for an improved washing
efficiency. NaOH is a preferred washing agent. Even more preferably, an aqueous solution that contains 0 to 10 % by
weight NaOH is used in the washing step, still more preferably 0 to 5 % by weight NaOH. The enhanced washing effect
of NaOH is most probably caused by enhanced hydrolysis of molecules, including biopolymers and non-biopolymers.
Preferably, the washing solvent is heated to further enhance the washing process. In another preferred embodiment,
the washing process includes a final rinsing step with (clean) washing solvent without washing agent in order to remove
residues of washing agent and dirt present that are adhering to the polyamide 6 and polyether polyurethane comprising
material.

[0046] The washing is preferably carried out under friction. Different types of industrial friction-applying washing sys-
tems are available on the market, like rotary plastic washers and (high speed) friction washers.

[0047] Washing of the polyamide 6 and polyether polyurethane comprising material, in particular of mechanically
comminuted or fragmented polyamide 6 and polyether polyurethane comprising material, is advantageous because any
(adhering) dirt is removed which consequently does not perturb the next steps of the process of the invention.

[0048] Optionally, the polyamide 6 and polyether polyurethane comprising material is dried after the cleaning step and
prior to being charged to the separation section [B]. This has the advantage that the weight of the cleaned polyamide 6
and polyether polyurethane comprising material is reduced and that the next step is not affected by dilution or by
contamination with the washing solvent.

[0049] The site where the pre-treatment of the polyamide 6 and polyether polyurethane comprising material is per-
formed and the site where the separation section [B] is located can be the same. However, preferably, one or more of
the pre-treatment steps are done at a location different from the location of the separation section [B], e.g., near a plant
where the wasted polyamide 6 and polyether polyurethane comprising material is collected and/or at a location that is
specialized in pre-treatment of polyamide 6 and polyether polyurethane comprising material. A polyamide 6 rich stream
can then be obtained in the separation section [B] from polyamide 6 and polyether polyurethane comprising material
that has been pre-treated at various locations.

[0050] The site where the separation of the polyamide 6 and polyether polyurethane comprising material in a polyamide
6 rich stream and a polyether polyurethane rich stream is performed and the site where the depolymerization section
[C]is located can be the same. However, preferably, separating the polyamide 6 and polyether polyurethane comprising
material in a polyamide 6 rich stream and a polyether polyurethane rich stream is done at a location different from the
location of the depolymerization section [C], e.g., near a plant where virgin polyether polyurethane is produced and/or
at a location that is specialized in handling and/or distilling organic solvents. The site where the pre-treatment of the
polyamide 6 and polyether polyurethane comprising material is performed and the site where the depolymerization
section [C] is located can be the same. However, preferably, one or more of the pre-treatment steps are done at a
location different from the location of the depolymerization section [C], e.g., near a plant where the wasted polyamide
6 and polyether polyurethane comprising material is collected and/or at a location that is specialized in pre-treatment of
polyamide 6 and polyether polyurethane comprising material.
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The charging step a)

[0051] In step a) of the invention, the polyamide 6 and polyether polyurethane comprising material that is optionally
pre-treated in pre-treatment section [A], are charged to the separation section [B].

[0052] In one embodiment, the polyamide 6 and polyether polyurethane comprising material is mechanically com-
pressed into a smaller volume prior to being charged to the separation section [B]. This has the advantage that less
volume is needed for intermediate storage and transport and can also facilitate dosing to the separation section [B].
[0053] In another preferred embodiment, the polyamide 6 and polyether polyurethane comprising material is dried
before being charged to the separation section [B], in particular after subjecting the polyamide 6 and polyether poly-
urethane material to a cleaning step. This has the advantage that less or no solvent is introduced into the separation
section [B]. Solvent, especially water, introduced in the separation section [B] might negatively influence the separation
process (e.g., reduced dissolution rates of polyether polyurethane from the polyamide 6 and polyether polyurethane
comprising material in an organic solvent are obtained).

[0054] The polyamide 6 and polyether polyurethane comprising material is preferably fed to the dissolution vessel(s)
as a solid phase.

[0055] The feeding of the polyamide 6 and polyether polyurethane comprising material to the separation section [B]
(e.g., feeding to the polyether polyurethane dissolution section) can be realized by continuous or by intermittent dosing
of the polyamide 6 and polyether polyurethane comprising material.

The separation step b)

[0056] In the separation section [B], the polyamide 6 and polyether polyurethane comprising material is separated to
form a polyamide 6 rich stream and a polyether polyurethane rich stream.

[0057] Preferably, the process of the invention employs a separation section [B] comprising a dissolution section [a],
a washing section [B], a precipitation section [y], and a solvent distillation section [8], and comprises the following steps
in the separation section:

b.1) charging an organic solvent, and polyamide 6 and polyether polyurethane comprising material to the dissolution
section [a];

b.2) dissolving polyether polyurethane from the polyamide 6 and polyether polyurethane comprising material in an
organic solvent in the dissolution section [a], so that a polyether polyurethane rich stream comprising organic solvent
and dissolved polyether polyurethane, and a stream comprising non-dissolved polyamide 6 are obtained and dis-
charging the obtained streams from the dissolution section [a];

b.3) charging a second solvent and said polyether polyurethane rich stream comprising organic solvent and dissolved
polyether polyurethane to the precipitation section [y] so that polyether polyurethane is precipitated from a mixture
comprising organic solvent and second solvent;

b.4) recovering said precipitated polyether polyurethane from said mixture comprising organic solvent and second
solvent and discharging said precipitated polyether polyurethane from the precipitation section [y];

b.5) discharging the mixture comprising organic solvent and second solvent from which precipitated polyether poly-
urethane has been recovered in step b.4) from the precipitation section [y] and charging said mixture to the solvent
distillation section [3];

b.6) charging a third solvent and the stream comprising non-dissolved polyamide 6 to the washing section [B];
b.7) washing the stream comprising non-dissolved polyamide 6 with the third solvent in the washing section [(], so
that a polyamide 6 rich stream and a mixture comprising organic solvent and third solvent are obtained;

b.8) discharging said polyamide 6 rich stream from the washing section [B];

b.9) discharging the mixture comprising organic solvent and third solvent that is obtained in step b.7) from the
washing section [B] and charging said mixture to the solvent distillation section [3];

b.10) separating organic solvent from the second solvent and the third solvent by distillation in the solvent distillation
section [3] and discharging the second solvent, the third solvent, and the separated organic solvent from the solvent
distillation section [3].

[0058] Optionally the second solvent (see step b.3)) can be partly or completely the mixture comprising organic solvent
and third solvent that is obtained in step b.7) from the washing section [B].

[0059] Preferably, the separation section [B] employed in the process of the invention comprises a dissolution section
[a], @ washing section [B], a precipitation section [y], and a solvent distillation section [8]. Such a separation section [B]
is particularly suitable to perform the separation of the polyamide 6 and polyether polyurethane comprising material in
a polyamide 6 rich stream and a polyether polyurethane rich stream according to the process of the invention. Surprisingly,
the separation of the polyamide 6 and polyether polyurethane comprising material in a polyamide 6 rich stream and a
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polyether polyurethane rich stream is particularly effective when performing the process steps b.1) to b.10) in the sep-
aration section [B] comprising a dissolution section [a], a washing section [B], a precipitation section [y], and a solvent
distillation section [8]. Steps b.1) to b.10) taking place in the preferred separation section [B] are further explained in the
following. Steps b.1) to b.10) can replace process steps a) and b) in the process of the invention. Step b.1) thereby
corresponds to step a).

[0060] A "rich stream" as used herein is a stream which contains the enriched component in a greater amount than
another stream obtained in the same process step. The polyamide 6 rich stream therefore contains more polyamide 6
than the polyether polyurethane rich stream. In contrast, the polyether polyurethane rich stream contains more polyether
polyurethane than the polyamide 6 rich stream.

[0061] In particular, the polyamide 6 rich stream has a weight to weight ratio of polyamide 6 to polyether polyurethane
that is higher than the weight to weight ratio of polyamide 6 to polyether polyurethane of the polyamide 6 and polyether
polyurethane comprising material.

Preferably, the polyamide 6 rich stream has a weight to weight ratio of polyether polyurethane to polyamide 6 that is at
least two times lower than the weight to weight ratio of polyether polyurethane to polyamide 6 of the polyamide 6 and
polyether polyurethane comprising material, more preferably at least three times lower.

[0062] The polyether polyurethane rich stream has a weight to weight ratio of polyether polyurethane to polyamide 6
that is higher than the weight to weight ratio of polyether polyurethane to polyamide 6 of the polyamide 6 and polyether
polyurethane comprising material.

[0063] Preferably, the polyether polyurethane rich stream has a weight to weight ratio of polyether polyurethane to
polyamide 6 that is at least two times higher than the weight to weight ratio of polyether polyurethane to polyamide 6 of
the polyamide 6 and polyether polyurethane comprising material, more preferably at least three times higher.

The charging to separation section step (step b. 1)):

[0064] In separation section [B], an organic solvent, and polyamide 6 and polyether polyurethane comprising material
is charged to the dissolution section [a].

[0065] The charging of the polyamide 6 and polyether polyurethane comprising material to the dissolution section [a]
is the charging of the polyamide 6 and polyether polyurethane comprising material that is optionally pre-treated in pre-
treatment section [A] as mentioned in step a) of the invention.

[0066] The organic solvent that is charged to the dissolution section [a] can be any organic solvent in which polyether
polyurethane can be dissolved. Preferably, the organic solvent combines a (very) good solubility for polyether poly-
urethane and a (very) poor solubility for polyamide 6. According to another preferred embodiment, the organic solvent
is selected from N,N-dimethylformamide (DMF, (CH3),NC(=0O)H), dimethylacetamide (DMAc, CH;C(=0O)N(CHs),), 1,4-
dioxane (dioxane, C4HgO,), N-alkyl-2-pyrrolidones such as N-methyl-2-pyrrolidone (NMP, C5HgNO), tetrahydrofuran
(THF; a.k.a. oxolane, C4HgO) and combinations thereof. Even more preferably, the organic solvent is selected from
N,N-dimethylformamide and dimethylacetamide. Most preferably, the organic solvent is dimethylacetamide.

[0067] The organic solvent that is charged to the dissolution section [a] can be a separated organic solvent (i.e.,
recycled organic solvent or an organic solvent from inside the process, that has been recovered in a solvent distillation
section), fresh organic solvent (i.e., solvent from outside the process) or a combination of separated organic solvent and
fresh organic solvent.

[0068] The organic solvent thatis charged to the dissolution section [a] preferably has a low water content. Even more
preferably, the organic solvent is dried (preferably by distillation or applying a drying agent, like an inorganic salt such
as Na,SOy,, a zeolite, silica and alumina) before being charged to the dissolution section [a]. Drying is not necessarily
to completion. Typically, less than 1 wt.%, preferably, less than 0.1 wt.%, more preferably, less than 0.02 wt.% water
remains after drying the organic solvent.

The dissolving step (step b.2)):

[0069] In dissolution section [a] polyether polyurethane is dissolved from the polyamide 6 and polyether polyurethane
comprising material in the organic solvent that was charged to the dissolution section [o] in step b.1). Hereby a polyether
polyurethane rich stream comprising organic solvent and dissolved polyether polyurethane, and a stream comprising
non-dissolved polyamide 6 are obtained that are discharged from dissolution section [a].

[0070] Preferably, dissolution of polyether polyurethane will be complete in 0.1 hour to 24 hours, more preferably in
0.5 hour to 6 hours. Complete means that the dissolution has reached a plateau with no substantial further dissolution
occurring at later timepoints.

[0071] The temperature in the dissolution section [a] can vary and is preferably below 120 °C, more preferably below
110 °C, even more preferably below 100 °C and most preferably below 80 °C. Preferably, the temperature in the
dissolution section [a] may range from 0 °C to 100 °C, more preferably from 10 °C to 90 °C, even more preferably from
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10 °C to 80 °C, and most preferably from 20 °C to 75 °C. Experiments have shown that these temperature ranges result
in a particularly complete dissolution of polyether polyurethane. This has the advantage that the polyether polyurethane
present in the polyamide 6 and polyether polyurethane comprising material can be dissolved. Another advantage of
these temperatures is that degradation of polyether polyurethane is minimized or even completely prevented.

[0072] The amount of solvent (expressed in tons) in the dissolution section [a] can vary and might range from 0.5 to
100 times, preferably from 1 to 60 times, more preferably from 2 to 20 times, most preferably from 3 to 10 times the
amount of polyether polyurethane (expressed in tons) in the dissolution section [a]. A low amount of solvent reduces
the dissolution rate of polyether polyurethane and might even result in incomplete dissolution of the polyether poly-
urethane. A large amount of solvent gives a high dissolution rate of polyether polyurethane, however requires more
energy and costs for the recovery of the used organic solvent. The skilled person is able to determine the optimal ratio
of solvent to polyether polyurethane or nylon 6 and polyether polyurethane comprising material by way of routine tests.
[0073] The dissolution section [c] might comprise one or more dissolution vessels that are operated in series or in
parallel. Preferably, these vessels are equipped with additional equipment (e.g., stirrers) to enhance the friction, which
reduces the time of dissolution.

The precipitation step (step b.3)):

[0074] The polyether polyurethane rich stream comprising organic solvent and dissolved polyether polyurethane that
was discharged from the dissolving section [a] and a second solvent are charged to the precipitation section [y] so that
polyether polyurethane is precipitated from a mixture comprising organic solvent and second solvent.

[0075] Preferably, the second solventis a non-solvent (a.k.a. anti-solvent) for polyether polyurethane. The addition of
this second solvent reduces the solvent power for the polyether polyurethane dissolved in the solution, which leads to
precipitation of particles of precipitated polyether polyurethane. The second solvent can be any solvent. Preferably, the
second solvent is water. Water as second solvent has the advantage that it is an environmentally benign solvent.
[0076] In a preferred embodiment, the second solvent is the mixture comprising organic solvent and third solvent that
is obtained in step b.7) from the washing section [f]. In another preferred embodiment, the second solvent consists of
part of or is the mixture comprising organic solvent and third solvent that is obtained in step b.7) from the washing section
[B]. "Part of the mixture" as used herein is defined as any fraction between 0 and 100 wt.%, preferably, between 10 and
100 wt.%, more preferably, between 25 and 100 wt.%, even more preferably, between 75 to 100 wt.%. This has the
advantage that less fresh solvent is used for the precipitation of polyether polyurethane. Another advantage is that less
solvent needs to be distilled in solvent distillation section [8], which results in lower energy costs, smaller sized equipment,
reduced investment costs and a more environmentally benign process.

[0077] The temperature in the precipitation section [y] can vary and might range from 0 °C to 150 °C, preferably from
10 °C to 100 °C, more preferably from 15 °C to 80 °C and most preferably from 20 °C to 60 °C. Experiments have shown
that these temperature ranges result in particularly complete precipitation of the dissolved polyether polyurethane.
[0078] The amount of second solvent charged to the precipitation section [y] can vary and might range from 0.1 wt.%
to 500 wt.%, preferably from 0.2 wt.% to 100 wt.%, more preferably from 0.5 wt.% to 50 wt.% and most preferably from
1 wt.% to 25 wt.% compared to the organic solvent charged to the precipitation section [y].

[0079] A low amount of second solvent reduces the degree of precipitation of polyether polyurethane. A large amount
of second solvent complicates the recovery of precipitated polyether polyurethane and the organic solvent. A large
amount of second solvent also requires more energy and costs for the recovery of precipitated polyether polyurethane
and the organic solvent. The skilled person will be able to find the optimal ratio of second solvent to polyether polyurethane
rich stream for the specific solvent and equipment used by carrying out simple precipitation test trials.

The polyether polyurethane recovery step (step b.4):

[0080] In the polyether polyurethane recovery step precipitated polyether polyurethane is recovered from the mixture
comprising organic solvent and second solvent and discharged from precipitation section [y]. There are several suitable
methods to recover a precipitate, including, but not limited to, filtration, centrifugation and decantation. Preferably, filtration
is used to recover polyether polyurethane. For filtration, the solution containing the precipitate is charged to a filter,
whereby the precipitate is expected to remain on the filter, while the liquid passes through it. When using centrifugation
as recovery method, the solution containing the precipitate is rapidly rotated so that the solid precipitate settles (assuming
that the solid precipitate has a higher density than the liquid). The compacted precipitate can also be obtained by pouring
off the liquid. In decantation, the liquid layer is poured or suctioned away from the precipitate.

[0081] Optionally, the recovered precipitate is washed with a solvent before being discharged from precipitation section
[y]- Preferably, the solvent that is used to wash the recovered precipitate is either the organic solvent of step b.1) or
second solvent.

[0082] Optionally, the recovered precipitate that is optionally washed with a solvent is dried before being discharged
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from precipitation section [y]. In a preferred embodiment, the precipitated polyether polyurethane that is discharged from
the precipitation section [y] in step b.4) is re-used, optionally in combination with fresh polyether polyurethane, in the
production of textiles.

The discharging solvent mixture step (step b.5)):

[0083] The mixture comprising organic solvent and second solvent from which precipitated polyether polyurethane
has been recovered in step b.4) is discharged from precipitation section [y] and charged to solvent distillation section
[3]. Optionally, solvent resulting from washing of the recovered precipitate is also discharged from precipitation section
[y] and charged to solvent distillation section [5].

The charging to washing step (step b.6)):

[0084] In separation section [B], a third liquid solvent, and the stream comprising non-dissolved polyamide 6 are
charged to the washing section [3]. The stream comprising non-dissolved polyamide 6 that is charged to the washing
section [B] can comprise next to non-dissolved polyamide 6 also organic solvent. The purpose of the washing section
[B]is to recover organic solvent thatis presentin the stream comprising non-dissolved polyamide 6, whereby a polyamide
6 rich stream is obtained that contains less organic solvent than the stream comprising non-dissolved polyamide 6.
[0085] Preferably, the third solvent has a good solubility for the organic solvent and a poor solubility for polyamide 6.
The third solvent can be any solvent. Preferably, the second solvent is water. Water as third solvent has the advantage
that it is an environmentally benign solvent.

[0086] The amount of third solvent charged to the washing section [3] can vary and might range from 10 wt.% to 1000
wt.%, preferably from 20 wt.% to 500 wt.%, more preferably from 50 wt.% to 400 wt.% and most preferably from 100
wt.% to 250 wt.% compared to the stream comprising non-dissolved nylon 6 that is charged to the washing section [B].

The washing step (step b.7)):

[0087] In washing section [B], the stream comprising non-dissolved polyamide 6 is washed with the third solvent so
that a polyamide 6 rich stream and mixture comprising organic solvent and third solvent are obtained.

[0088] The temperature in the washing section [B] can vary and might range from 0 °C to 150 °C, preferably from 10
°C to 100 °C, more preferably from 15 °C to 80 °C and most preferably from 20 °C to 60 °C. Experiments have shown
that these temperature ranges resulted in a particularly complete recovery of the organic solvent from the stream com-
prising non-dissolved polyamide 6.

[0089] The skilled person can determine by routine experimentation the amount of third solvent and the optimal
temperature necessary for efficient washing of the stream comprising non-dissolved polyamide 6.

[0090] The washing of the stream comprising non-dissolved polyamide 6 with a third solvent can be performed in
various devices, all of which are known to the skilled person.

The discharging of polyamide 6 rich stream step (step b.8)):

[0091] From the washing section [3] the polyamide 6 rich stream is discharged. This polyamide 6 rich stream comprises
third solvent and optionally organic solvent. Preferably, the organic solvent content of the polyamide 6 rich stream is
less than 25 wt.%, preferably less than 10 wt.%, more preferably less than 2 wt.% and most preferably less than 0.2
wt.% relative to the total weight of the polyamide 6 rich stream. Optionally, the polyamide 6 rich stream is dried prior to
being discharged.

[0092] Preferably, the polyamide 6 content of the resulting polyamide 6 rich stream from washing section [B] is at least
85 %, more preferably at least 90 % and most preferably at least 95 % by weight on dry-weight basis.

[0093] Preferably, the polyamide 6 content of the resulting polyamide 6 rich stream from separation section [B] is at
least 85 %, more preferably at least 90 %, even more preferably at least 95 % and most preferably at least 98 % by
weight on dry-weight basis.

Determination of the polyamide 6 content is a routine activity and can be performed by various methods, all of which
are known to the skilled person. Preferably, the polyamide 6 content of the polyamide 6 rich stream is determined
by Thermogravimetric analysis (TGA) and/or by DSC (e.g., by method ISO 11357-3).

As used herein, the expression "dry-weight basis" refers to the content of an ingredient expressed as a percentage
of the total dry-weight of the composition, wherein "dry-weight" is the weight of a substance after removing the water
and/or other liquids from the substance by drying until weight constancy.
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The discharging of mixture comprising organic solvent and third solvent step (step b.9)):

[0094] From the washing section [B] the mixture comprising organic solvent and third solvent is discharged. Generally,
the organic solvent and/or the third solvent are valuable compounds and recovery and reuse has great economic and
environmental advantages. The mixture comprising organic solvent and third solvent is charged to solvent distillation
section [3]. Optionally, the mixture comprising organic solvent and third solvent is first charged to another section before
being charged to solvent distillation section [3]. In a preferred embodiment, the mixture comprising organic solvent and
third solvent is first partly or completely charged to the precipitation section [y].

The solvent separation step (step b. 10)):

[0095] In solvent distillation section [3], the mixture comprising organic solvent and second solvent from which pre-
cipitated polyether polyurethane has been recovered and the mixture comprising organic solvent and third solvent that
was discharged from washing section [(] are separated by distillation. Hereafter, the mixture comprising organic solvent
and second solvent from which precipitated polyether polyurethane has been recovered and the mixture comprising
organic solvent and third solvent that was discharged from washing section [] are called combined feed to solvent
distillation section [3].

[0096] From the solvent distillation section [3] the separated organic solvent, the second solvent and the third solvent,
and residues are discharged. In a preferred embodiment, the separated organic solvent that is discharged from the
solvent distillation section [8] in step b.10) is charged to the dissolution section [a] in step b.1). In another preferred
embodiment, the second solvent and the third solvent that are discharged from the solvent distillation section [3], optionally
after separation from each other, are re-used in the precipitation section [y] and/or in the washing section [f].

[0097] The separation by distillation is used to separate liquids from non-volatile solids and to separate liquids having
different boiling points. Distillation is a routine activity and can be performed in various devices, all of which are known
to the skilled person.

[0098] The mixture comprising organic solvent and second solvent from which precipitated polyether polyurethane
has been recovered, optionally also contains (dissolved) polyether polyurethane, (dissolved) polyamide 6, and degra-
dation products of the organic solvent and/or the second solvent. The mixture comprising organic solvent and third
solvent optionally also contains (dissolved) polyether polyurethane, (dissolved) polyamide 6, and degradation products
of the organic solvent and/or the third solvent.

[0099] In general, the separation of three different liquids by distillation is more complex, requires more energy and
requires more equipment than the separation of two different liquids by distillation. Thus, there is a desire to limit the
number of different solvents in the process of the invention to two. In a preferred embodiment of the invention, the second
solvent and the third solvent are the same solvent. In a more preferred embodiment, the second solvent and the third
solvent are water. The use of water as a solventis advantageous because itis cheap, abundantly available, non-explosive
and environmentally benign.

[0100] In a preferred embodiment of the invention, the organic solvent is selected from N,N-dimethylformamide (DMF,
(CH3),NC(=0)H), N,N-dimethylacetamide (DMAc, CH;C(=O)N(CH3),), 1,4-dioxane (dioxane, C4HgO,), N-alkyl-2-pyr-
rolidones such as N-methyl-2-pyrrolidone (NMP, CsHgNO), tetrahydrofuran (THF; a.k.a. oxolane, C4HgO). In a more
preferred embodiment, the organic solvent is N,N-dimethylacetamide (DMAc, CH3C(=0)N(CHs)5).

[0101] In another preferred embodiment, the organic solvent is selected from N,N-dimethylformamide (DMF,
(CH3),NC(=0O)H), N,N-dimethylacetamide (DMAc, CH,C(=0)N(CH3),), 1,4-dioxane (dioxane, C,HgO,), N-alkyl-2-pyr-
rolidones such as N-methyl-2-pyrrolidone (NMP, CgHgNO), tetrahydrofuran (THF; a.k.a. oxolane, C4HgO) and the second
solvent and the third solvent are both water. In a more preferred embodiment of the invention, the organic solvent is
N,N-dimethylacetamide (DMAc, CH;C(=0O)N(CH3),), and the second solvent and the third solvent are both water. The
boiling point of N,N-dimethylacetamide (DMAc) at atmospheric pressure is ca. 165 °C. The boiling point of water at
atmospheric pressure is 100 °C.

[0102] When only N,N-dimethylacetamide (DMAc) and water are present in the combined feed to solvent distillation
section [d], the volatility difference between the two is large and separation by distillation will be rather easy. In such
situations continuous separation of the combined feed to solvent distillation section [8] might be realized in a single
distillation column, that is operated in a continuous mode. In such a distillation column the water is distilled from the top
of the column in a gaseous state, and N,N-dimethylacetamide (DMACc) is withdrawn from the bottom of the column in a
liquid state. When besides N,N-dimethylacetamide (DMAc) and water also non-volatile compounds (like polyether poly-
urethane and polyamide 6) are present in the combined feed to solvent distillation section [3], the lay-out of the solvent
distillation required for the continuous separation into N,N-dimethylacetamide (DMAc), water and non-volatile compounds
is more extended. A straightforward lay-out for this type of separation by distillation comprises two distillation columns
that are operated in series. The feed (in liquid state) that consists of N,N-dimethylacetamide (DMAc), water and the non-
volatile compounds is charged to the first distillation column. The water is distilled from the top of the first distillation
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column in a gaseous state, and a mixture of N,N-dimethylacetamide (DMAc) and the non-volatile compounds are with-
drawn from the bottom of the first distillation column (in a liquid state, or as a slurry). The bottom flow of the first column
is charged to the second distillation column. The N,N-dimethylacetamide (DMACc) is distilled from the top of the second
distillation column in a gaseous state, and the non-volatile compounds are withdrawn from the bottom of the second
distillation column. In practice a mixture of N,N-dimethylacetamide (DMAc) and non-volatile compounds might be with-
drawn from the bottom of the second distillation column in order to reduce the risk of clogging of the second distillation
column. A squeezing (column) unit, that recovers N,N-dimethylacetamide (DMAc) from the bottom flow of the second
distillation column, might be added to enhance the overall recovery of N,N-dimethylacetamide (DMAc).

[0103] As an alternative for the separation by distillation of two distillation columns that are operated in series, a single
distillation column with side withdrawal that is operated in a continuous mode can be chosen. In such a distillation column,
the water is distilled from the top of the distillation column in a gaseous state, the N,N-dimethylacetamide (DMAc) is
discharged as a liquid side stream and the non-volatile compounds are withdrawn from the bottom of the second distillation
column. Optionally, the bottom flow is charged to a squeezing (column) unit.

[0104] As an alternative for charging the feed to the distillation column in liquid state, the charging to the first distillation
column can be done in the gaseous state. In such a case the combined feed to solvent distillation section [3] with the
exception of the non-volatile compounds is evaporated in a feed evaporator prior to charging to the first distillation
column. The non-volatile compounds are discharged from the feed evaporator. This alternative has the advantage that
less fouling occurs in the distillation columns. Optionally, the squeezing column can be combined with the feed evaporator.
Generally, N,N-dimethylacetamide (DMAc) comprising process flows contain certain amounts of acetic acid and dimeth-
ylamine, due to, e.g., the degradation of N,N-dimethylacetamide (DMAc). This is also the case for the combined feed
to solvent distillation section [3].

[0105] The boiling point of pure dimethylamine at atmospheric pressure is ca. 7 °C. Dimethylamine dissolves very well
in water.

[0106] The boiling point of pure acetic acid at atmospheric pressure is ca. 118 °C.

[0107] However, acetic acid and N,N-dimethylacetamide (DMAc) form a high-boiling azeotrope (with a composition
of ca. 21 wt.% acetic acid and ca. 79 wt.% N,N-dimethylacetamide at atmospheric pressure) and the atmospheric boiling
pointis ca. 171 °C, which is just somewhat higher than the atmospheric boiling point of N,N-dimethylacetamide. A high-
boiling azeotrope (or constant boiling point mixture) is a mixture of two liquids that has a boiling point that is higher than
the boiling points of the two individual liquids (in pure form).

[0108] If the pressure is reduced, the azeotropic point of the acetic acid and N,N-dimethylacetamide mixture shifts to
higher concentrations of the low boiling component (which is acetic acid).

[0109] At6.7 kPa a high-boiling azeotrope with a composition of ca. 30 wt.% acetic acid and ca. 70 wt.% N,N-dimeth-
ylacetamide is formed with a boiling point of ca. 93 °C.

[0110] At 1.3 kPa a high-boiling azeotrope with a composition of ca. 42 wt.% acetic acid and ca. 58 wt.% N,N-dimeth-
ylacetamide is formed with a boiling point of ca. 75 °C. Preferably, the degradation products are removed from the
solvents that are re-used in the process. This has the advantage that an accumulation of degradation products is
prevented. In a preferred embodiment, degradation products of the organic solvent are removed prior to charging the
separated organic solvent that is discharged from the solvent distillation section [3] in step b.10) to the dissolution section
[a] in step b.1). However, N,N-dimethylacetamide (DMAc) and acetic acid cannot be separated by simple distillation due
to the formation of the maximum azeotrope.

[0111] To the man skilled in the art, several techniques are known to break an azeotrope in distillation.

[0112] Onegroup oftechniquesisbased on the addition of another compound which changes the molecularinteractions
and eliminates the N,N-dimethylacetamide-acetic acid maximum azeotrope. Chlorobenzene, toluene, ethylbenzene and
xylene are examples of compounds that break this maximum azeotrope. Addition of one of these compounds to a mixture
of N,N-dimethylacetamide and acetic acid results in the formation of a new azeotrope of that compound and acetic acid
that can be removed by evaporation. Subsequently, the resulting mixture of that compound and acetic acid is separated.
[0113] Another group of techniques, often called pressure-swing distillations, is based on the fact that the maximum
azeotrope is pressure dependent. In such systems, two distillation columns are operated at different pressure levels.
The feed mixture of N,N-dimethylacetamide and acetic acid is charged to a first distillation column that is operated at a
certain pressure. The bottom flow of this first distillation column is charged to the second distillation column. The bottom
flow of the second distillation column is charged to the first distillation column. As top products of the distillation columns
high purity N,N-dimethylacetamide and acetic acid are obtained. A major advantage of pressure-swing distillations is
the absence of foreign compounds.

[0114] Finally, there is a group of techniques that converts acetic acid into another component (e.g., salt formation
due to addition of caustic) or that selectively adsorbs acetic acid from the mixture of N,N-dimethylacetamide and acetic
acid.

[0115] When besides N,N-dimethylacetamide (DMAc), water and non-volatile compounds (like polyether polyurethane
and polyamide 6), also acetic acid and dimethylamine are present in the combined feed to solvent distillation section
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[3], the lay-out of the solvent distillation required for the continuous separation into N,N-dimethylacetamide (DMAc),
water, non-volatile compounds, acetic acid and dimethylamine is even more extended.

[0116] The optimal lay-outis very much dependent on both the composition and the volume flow of the combined feed
to solvent distillation section [8]. The lay-out might contain a combination of various separation solutions that were
described before.

[0117] In case the fraction of acetic acid in the combined feed to solvent distillation section [8] is rather low, the solvent
distillation section [8] might comprise two distillation columns that are operated in series, followed by a neutralizer-
evaporation step. The feed that consists of N,N-dimethylacetamide (DMAc), water, non-volatile compounds, acetic acid
and dimethylamine is charged to the first distillation column. The water and dimethylamine are distilled from the top of
the first distillation column in a gaseous state, and a mixture of N,N-dimethylacetamide (DMAc), acetic acid and the non-
volatile compounds are withdrawn from the bottom of the first distillation column (in a liquid state, or as a slurry). The
water vapors from the top of the first distillation column are condensed. The resulting liquid phase contains water and
dissolved dimethylamine. In a dimethylamine stripping unit the dimethylamine can be removed from this liquid phase,
whereby water is obtained that is (almost) free of dimethylamine. The bottom flow of the first column is charged to the
second distillation column. The N,N-dimethylacetamide (DMAC) is distilled from the top of the second distillation column
in a gaseous state, and a mixture of N,N-dimethylacetamide (DMAc), acetic acid and the non-volatile compounds are
withdrawn from the bottom of the second distillation column. The bottom flow of the second column is charged to the
neutralizer-evaporation unit. To the neutralizer-evaporation unit a base, e.g., aqueous NaOH, is charged to neutralize
the acetic acid. Due to evaporation, gaseous N,N-dimethylacetamide (DMAC) is discharged from the neutralizer-evap-
oration unit. If present also water is evaporated. A mixture of neutralized acetic acid (acetic acid containing salt) and
non-volatile compounds is discharged from the bottom of the neutralizer-evaporation unit. In practice a mixture of N,N-
dimethylacetamide (DMAc), neutralized acetic acid (acetic acid containing salt) and non-volatile compounds might be
withdrawn from the bottom of the neutralizer-evaporation unit in order to reduce risk of clogging of the neutralizer-
evaporation unit. The N,N-dimethylacetamide (DMAc)thatis recovered by distillation is discharged from solvent distillation
section [8] and charged to dissolution section [a].

[0118] Preferably, water that is recovered in solvent distillation section [3], optionally after removal of dimethylamine,
is re-used in the process of the invention. Preferably, water is used as second solvent and/or as third solvent.

The charging step c.1)

[0119] In step c.1) of the invention, the resulting polyamide 6 rich stream is charged to the depolymerization section
[C] wherein the polyamide 6 content of the polyamide 6 rich stream is at least 85 %, preferably at least 90 % by weight
on dry-weight basis. This has the advantage that the polyamide 6 rich stream that is charged to the depolymerization
section [C] is less contaminated with foreign materials, which improves the yield and the purity of the e-caprolactam that
is produced in the plant of the invention configured to carry out the process of the invention. Other advantages are that
a polyamide 6 rich stream will require less depolymerization agent, will produce less waste and will require less energy
in the depolymerization section [C]. And finally, a polyamide 6 rich stream will cause less operational problems, like
fouling and clogging of equipment. The depolymerization section [C] comprises one or more depolymerization reactors
that are operated in series and/or in parallel.

[0120] Optionally, the polyamide 6 rich stream is mechanically compressed into a smaller volume prior to being charged
to the depolymerization section [C]. This has the advantage that less volume is needed for intermediate storage and
transport and can also facilitate dosing to the depolymerization section [C].

[0121] Optionally, the polyamide 6 rich stream is compressed into particles with an increased density prior to being
charged to the depolymerization section [C]. This can be achieved, e.g., by mechanical compaction or by extrusion of
melted material through a die followed by cooling and cutting it to size. Compression of the polyamide 6 rich stream into
particles has the advantage of an increased bulk density, which reduces the costs of intermediate storage and trans-
portation. Apart from density increase, pelletization also offers other benefits, such as a homogeneous shape and
structure that is advantageous for (automated) feeding into the depolymerization section [C].

[0122] Optionally, polyamide 6 rich stream is charged to a smelter (e.g., an extruder). In the smelter the polyamide 6
rich stream is melted. Preferably, the resulting polymer melt is filtered. This has the advantage that solid impurities are
removed. The melted and optionally filtered polymer melt is cooled and then fed to a pelletizer. The pelletizer cuts the
product into pellets. These pellets are charged to the depolymerization section [C].

[0123] The dimensions and shape of the pellets (also often called granules) can be chosen within wide limits. In
general, pellets are cylindrical in shape (originating from thin strands that are chopped into pieces). Other shapes like
(non-perfect) spheres, however, are also possible. The dimensions of the pellets can be chosen within wide limits. Pellets
can have a diameter that ranges from 1 to 10 mm, preferably from 2 to 5 mm, more preferably from 3 to 5 mm. In a
preferred embodiment, pellets have a length that ranges from 1 to 50 mm, preferably from 2 to 25 mm and more preferably
from 5 to 15 mm.
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[0124] Optionally, the polyamide 6 rich stream that is discharged from separation section [B] is dried prior to being
charged to depolymerization section [C]. This has the advantage that less or no solvent is introduced in the depolymer-
ization section [C]. Solvent introduced in the depolymerization section [C] can negatively influence the depolymerization
process (e.g., reduced depolymerization reaction rates, higher consumption of catalyst, higher energy consumption,
and the vapor stream comprising e-caprolactam and water that is obtained in the depolymerization section [C] can contain
more impurities).

[0125] The polyamide 6 rich stream is preferably fed to the depolymerization reactor(s) as a solid phase or as a melt.
Preferably, the polyamide 6 rich stream is charged as a melt. Feeding as a melt may be achieved by using an extruder,
gear pump, or other means known by the skilled person.

[0126] The feeding of the polyamide 6 rich stream to the depolymerization reactor(s) may be realized by continuous
or by intermittent dosing of the polyamide 6 rich stream.

The depolymerization step c.2)

[0127] In the depolymerization section [C], the polyamide 6 rich stream is depolymerized to form g-caprolactam. The
formed e-caprolactam is discharged from the depolymerization section [C] as an e-caprolactam comprising stream.
[0128] The depolymerization of the polyamide 6 rich stream is achieved by increasing the temperature of the polyamide
6 rich stream to a temperature of at least 180 °C but not higher than 400 °C. The preferred temperature range for the
depolymerization reaction is from 200 °C to 350 °C, more preferably from 220 °C to 340 °C, and most preferably from
240 °C to 325 °C. Experiments have shown that in these temperature ranges the depolymerization is particularly effective
and less side reactions of polyamide 6 and g-caprolactam and reactions of impurities occur.

[0129] Generally, the rate of e-caprolactam formation increases at elevated temperatures. Temperatures lower than
400 °C are preferred since at temperatures above 400 °C side reactions of polyamide 6 and e-caprolactam and reactions
of impurities occur more frequently which will result in formation of a more diverse set of impurities. Part of these impurities
will end-up in the e-caprolactam comprising product stream that is discharged from the depolymerization section [C]. In
a preferred embodiment, the depolymerization of the polyamide 6 rich stream is conducted at temperatures ranging of
from 220 °C to 340 °C or 240 °C to 325 °C. Experiments have shown that this temperature range allows production of
particularly pure e-caprolactam.

[0130] The pressure in the depolymerization section [C] can vary and might range from 1 kPa to 100 MPa, preferably
from 10 kPa to 5 MPa, more preferably from 25 kPa to 2 MPa, most preferably from 50 kPa to 1 MPa. This pressure
range allows production of particularly pure e-caprolactam.

[0131] The depolymerization of the polyamide 6 rich stream can be achieved in the presence or in the absence of a
solvent. Preferably, the depolymerization of the polyamide 6 rich stream is achieved in the presence of water as solvent.
In this case the water is preferably in the form of steam, in particular superheated steam.

[0132] Preferably, depolymerization will be complete in 0.1 hour to 24 hours, more preferably in 0.5 hour to 6 hours.
[0133] Feeding the water as steam to the depolymerization reactor allows, optionally without further heating, to obtain
a vapor stream comprising e-caprolactam and water. The weight to weight ratio of e-caprolactam to water in this vapor
stream can be adjusted by modifying the amount of steam that is fed to the polyamide 6 rich stream in the depolymerization
section [C]. In a preferred embodiment, the depolymerization in step c.2) is performed in the presence of water so that
the g-caprolactam comprising stream is a vapor stream comprising e-caprolactam and water in a weight to weight ratio
of from 1:1 to 1:50, preferably from 1:2 to 1:15, more preferably from 1:2 to 1:10 and most preferably from 1:3 to 1:8.
Within these ranges, a particularly economically efficient process can be conducted.

[0134] Preferably, the g-caprolactam in the vapor stream comprising g-caprolactam and water has a pressure of 0.1
kPa to 1 MPa, more preferably of 0.3 kPa to 0.5 MPa and most preferably of 1 kPa to 0.1 MPa.

[0135] During the depolymerization reaction, decomposition products may be formed including linear oligomers of ¢-
caprolactam and cyclic oligomers of e-caprolactam. In addition, the feed stream of the polyamide 6 rich stream may also
contain other components, i.e., impurities such as non-polyamide 6 compounds and residues of solvents(s) applied in
the pre-treatment section and/or separation section that remain stable, react or decompose under the depolymerization
conditions. Thus, in case water is used as solvent in the depolymerization section [C], the vapor stream which is removed
from the depolymerization section [C] does not only comprise water and e-caprolactam, but also impurities.

[0136] Preferably, superheated steam with a temperature between 100 °C and 600 °C is charged to the depolymeri-
zation reactor(s). Preferably, the superheated steam that is charged to the depolymerization reactor(s) has a temperature
of at least the melting temperature of polyamide 6. Preferably, the energy content of the superheated steam that is
charged to the depolymerization reactor(s) is sufficiently high so that no other heat input is needed for performing the
depolymerization reaction and evaporating the formed g-caprolactam. In another preferred embodiment, the depolym-
erization section [C] is charged with superheated steam having a temperature ranging of from 220 °C to 575 °C. In an
even more preferred embodiment, the depolymerization section [C] is charged with superheated steam having a tem-
perature ranging of from 275 °C to 500 °C.
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[0137] Generally, the mass of the vapor stream, which is removed from the depolymerization section [C], is less than
the mass of the total feed to the depolymerization section. The total feed to the depolymerization section [C] comprises
a polyamide 6 rich stream and optionally solvent, catalyst, additional agents and/or depolymerizing agents. Thus, without
any additional measures, there will be an accumulation of material (often called 'residual material’) in the depolymerization
section [C]. Preferably, another stream is discharged from the depolymerization section [C]. This has the advantage that
the accumulation of material in the depolymerization section [C] is reduced or avoided. The additional stream that is
discharged can comprise impurities present in the polyamide 6 rich stream, non-depolymerized polyamide, non-evap-
orated e-caprolactam, catalyst(s) and compounds that were formed under the depolymerization conditions, like mono-,
di- and/or triammonium phosphate, in case phosphoric acid is used as depolymerization catalyst. In a preferred embod-
iment, a stream comprising mono-, di- and/or triammonium phosphate is discharged from the depolymerization section
[C]. Even more preferably, this stream which is intermittently or continuously discharged from the depolymerization
section [C] comprises mono-, di- and/or triammonium phosphate in a weight fraction of 0.01 to 50 % by weight, preferably
from 0.1 to 25 % by weight, more preferably from 0.5 to 10 % by weight, most preferably from 0.5 to 5 % by weight.
[0138] The depolymerization of the polyamide 6 rich stream in the presence of steam can be performed with the
presence of additional depolymerizing agents, such as ammonia. The concentration of ammonia in the depolymerization
section [C] can vary. Thus, in case ammonia is present in the depolymerization section [C], then the vapor stream which
is removed from the depolymerization section [C] does not only comprise e-caprolactam and impurities, but may also
comprise ammonia.

[0139] Most preferably, the depolymerization is carried out in the presence of a catalyst. Preferably, the used catalyst
is a (Lewis or Brgnsted) acid or base. The acid catalyst can in particular be selected from the group consisting of
orthophosphoric acid, p-toluenesulfonic acid, boric acid, sulfuric acid, organic acid, organic sulfonic acid including xylene
sulfonic acid, 4-sulfoisophthalic acid and other sulfonated aromatic hydrocarbons, solid acid, salts of the aforementioned
acids, Al,O5 and SiO,, and combinations thereof. The base catalyst can, e.g., be selected from the group consisting of
alkali hydroxide, alkali salt, alkaline earth hydroxide and alkaline earth salts, organic bases and solid bases, and com-
binations thereof. Preferably, orthophosphoric acid, boric acid, organic acid, alkali hydroxides and alkali salts are used
as catalysts. More preferably, orthophosphoric acid, sodium phosphate, potassium phosphate, sodium hydroxide, po-
tassium hydroxide, sodium carbonate, potassium carbonate, sodium hydrogen carbonate and potassium hydrogen
carbonate are used as catalysts. Still more preferably, orthophosphoric acid, p-toluenesulfonic acid, boric acid and
sodium hydroxide are used as catalysts. In one particularly preferred embodiment, orthophosphoric acid is used as
catalyst for the depolymerization, in another, p-toluenesulfonic acid is used.

[0140] In another preferred embodiment, however, no catalyst is used for the depolymerization of the polyamide 6
rich stream. This has the advantage of lower costs (both for the catalyst and the disposal of catalyst waste). However,
higher temperatures (and pressures) are usually required.

[0141] The advantage of using a catalyst (and especially of orthophosphoric acid) is that the depolymerization reaction
already starts at lower temperatures and can be performed under atmospheric conditions. A suitable concentration of
catalyst used for the depolymerization of polyamide 6 to e-caprolactam is known to the skilled person and can easily be
determined by routine experimentation. If the concentration of the used catalyst is too low, the reaction rate is slow. On
the contrary, if the concentration of the used catalyst is too high, the reaction is fast, but also side reaction(s) increase.
Moreover, the catalyst costs are increased, which is economically disadvantageous. Preferably, the catalyst content is
from 0.01 to 100 % by weight relative to the polyamide 6 contained in the depolymerization reactor. Even more preferably,
the catalyst content is from 0.1 to 50 % by weight. The optimum catalyst concentration depends on the type of catalyst
that is applied for the depolymerization of polyamide 6. For the catalyst orthophosphoric acid, the preferred content is
from 0.1 to 25 % by weight and more preferred from 1 to 20 % by weight. The preferred content for the catalyst p-
toluenesulfonic acid is from 10 to 35 % by weight and the more preferred content from 15 to 30 % by weight.

[0142] The depolymerization of polyamide 6 can be performed in a batch mode, in a semi-continuous mode or in a
continuous mode, all of which are known to the skilled person. The terms "batch mode", "semi-continuous mode" and
"continuous mode", as used herein, refer to the mode in which the polyamide 6 containing feedstock, i.e., the polyamide
6 rich stream, and optionally catalyst are charged to the depolymerization reactor and the mode in which the residual
material is discharged from the depolymerization reactor.

[0143] In a preferred embodiment, the polyamide 6 depolymerization is performed in the batch mode. In the batch
mode, the feedstock, i.e., the polyamide 6 rich stream, and optionally catalyst are initially charged to the depolymerization
reactor. Subsequently, superheated steam is charged to the depolymerization reactor and e-caprolactam is discharged
from the depolymerization reactor as vapor stream comprising e-caprolactam and water. Next, charging of the super-
heated steam to the depolymerization reactor is interrupted. After optionally removing residual material from the depo-
lymerization reactor, a new cycle is started by charging feedstock (and optionally catalyst) to the depolymerization
reactor. In a preferred embodiment, residual material is not removed in between every cycle.

[0144] In a particular advantageous embodiment, the polyamide 6 depolymerization is performed in the continuous
mode. In the continuous mode, the polyamide 6 containing feedstock (and optionally catalyst) is continuously charged
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to the depolymerization reactor. At the same time, superheated steam is continuously charged to the depolymerization
reactor and e-caprolactam is continuously discharged from the depolymerization reactor as vapor stream comprising ¢-
caprolactam and water. Optionally, the catalyst is continuously or intermittently charged to the depolymerization reactor.
In addition, residual material is continuously discharged from the depolymerization reactor. Preferably, the polyamide 6
rich stream is charged as a melt. Preferably, the catalyst is charged as a melt, a slurry or a solution.

[0145] Inanother preferred embodiment, the polyamide 6 depolymerization is performed in the semi-continuous mode.
In the semi-continuous mode, polyamide 6 containing feedstock (and optionally catalyst) is intermittently charged to the
depolymerization reactor, while superheated steam is continuously charged to the depolymerization reactor and e-
caprolactam is continuously discharged from the depolymerization reactor as a vapor stream comprising e-caprolactam
and water. Residual material is intermittently discharged from the depolymerization reactor in the semi-continuous mode
of polyamide 6 depolymerization.

The recovering step ¢.3)

[0146] In the recovery section [D], e-caprolactam is recovered from the e-caprolactam comprising stream that is dis-
charged from the depolymerization section [C]. This stream comprises e-caprolactam and impurities. Preferably, this
recovery is performed by a (partial) condensation of the e-caprolactam comprising stream.

[0147] Preferably, in case no solventis charged to the depolymerization section [C], the e-caprolactam that is obtained
by condensation is dissolved in water, whereby an g-caprolactam-rich phase is obtained. This g-caprolactam-rich phase
also comprises impurities.

[0148] Preferably,in case wateris charged to the depolymerization section [C] as solvent, the e-caprolactam comprising
stream that is discharged from the depolymerization section [C] comprises g-caprolactam, water and impurities. The ¢-
caprolactam can be separated from the remaining components of the vapor stream by sending the vapor stream from
the depolymerization reactor, preferably overhead, to a (preferably partial) condenser to obtain a condensate containing
g-caprolactam. Preferably, the e-caprolactam is separated from the remaining components of the vapor stream by sending
the product stream from the depolymerization reactor, preferably overhead, to a distillation column from which a water-
rich phase is obtained as top product and a g-caprolactam-rich phase as bottom product.

[0149] The e-caprolactam recovered in the recovery section [D] is crude since it contains impurities such as polyamide
6 decomposition products and/or other impurities stemming from (decomposition products of) non-polyamide 6 compo-
nents of the polyamide 6 and polyether polyurethane comprising material and/or reactions with impurities. The crude ¢-
caprolactam that is recovered in step c.3) comprises water and e-caprolactam, preferably it is an aqueous solution
comprising g-caprolactam. Thus, the crude g-caprolactam recovered in the recovery section [D] requires additional
purification to yield high purity e-caprolactam. "Crude" as used herein can therefore be defined as being less pure, i.e.,
containing more impurities, than the purified e-caprolactam obtained after purification in a purification section [E].
[0150] Preferably, the crude e-caprolactam comprises e-caprolactam in the range of from 6% to 95 %, more preferably
from 20 % to 90 %, and most preferably from 35 % to 80 % by weight. The remainder is mainly water.

The purifying step c.4)

[0151] Preferably, the process of the invention is performed further in a plant that further comprises
- a purification section [E],

and wherein the process further comprises the steps of:
c.4) purifying the crude e-caprolactam obtained in the recovery section [D] in the purification section [E] to obtain purified
g-caprolactam wherein the purification comprises the steps of:

(i) Extracting the crude e-caprolactam with an organic solvent, whereby an aqueous phase and an organic phase
are obtained, and wherein the organic phase comprises the organic solvent, e-caprolactam and impurities.

(ii) Optionally, switching the solvent by replacing the organic solvent at least partially with water, whereby an aqueous
phase comprising water, g-caprolactam and impurities with lower- or higher-boiling points than g-caprolactam is
obtained. The solvent switch step c.4)(ii) can in particular be selected from a process based on back-extraction with
water, and a process based on solvent swap distillation, in which the organic solvent is distilled off and water is
charged.

(iii) Obtaining purified e-caprolactam by distillative removal of impurities with lower- or higher-boiling points than -
caprolactam.

[0152] In step c.4), the crude g-caprolactam which is obtained in the recovery section [D] is purified in the purification
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section [E] to yield high purity e-caprolactam.

[0153] Optionally, the crude e-caprolactam is filtered before being charged to the purification section [E]. The filtration
ensures the removal of undissolved impurities which could otherwise hinder the further purification process.

[0154] Purified e-caprolactam is obtained from the crude e-caprolactam by first extracting in step (i) the crude e-
caprolactam with an organic solvent, whereby an aqueous phase and an organic phase comprising the organic solvent,
g-caprolactam and impurities are obtained. The organic solvent with which the crude e-caprolactam is extracted is
preferably an aromatic hydrocarbon, a halogenated hydrocarbon and/or a C4-C10 aliphatic or C4-C10 cycloaliphatic
alcohol. Optionally, the organic solvent with which the crude e-caprolactam is extracted is preferably a mixed extractant,
i.e., it can consist of one or more organic solvents and optionally further diluents. Preferably, the one or more organic
solvents is independently selected from an aromatic hydrocarbon, a halogenated hydrocarbon and/or a C4-C10 aliphatic
or cycloaliphatic alcohol, and a C5-C8 alkane or C5-C8 cycloalkane. Particularly good purification results are achieved
if the organic solvent for extraction of the crude e-caprolactam is selected from the group consisting of cyclohexane,
benzene, toluene, methylene chloride, chloroform, trichloroethane, 4-methyl-2-pentanol (a.k.a. MIBC, methyl isobutyl
carbinol), 1-octanol, 2-ethylhexanol and mixtures thereof. More preferably, the organic solvent for extraction of the crude
g-caprolactam is selected from the group consisting of benzene, toluene, cyclohexane, alcohols, and mixtures thereof.
Still more preferably, the organic solvent for extraction of the crude e-caprolactam is selected from the group consisting
of toluene, cyclohexane, 1-octanol, 2-ethylhexanol and mixtures thereof. Preferably, the weight ratio of organic solvent
to e-caprolactam is from 0.01:1 to 50:1, preferably from 0.05:1 to 20:1, more preferably from 0.1:1 to 10:1, and most
preferably from 0.1:1 to 5:1.

[0155] In another embodiment, the extraction with organic solvent in step c.4)(i) is carried out in a counter-current
operated extraction column whereby the crude e-caprolactam to be purified is introduced at the top and the organic
solvent at the bottom of the column. The extraction results in an aqueous phase and an organic phase comprising the
organic solvent, e-caprolactam and impurities.

[0156] Optionally, the organic phase comprising the organic solvent, e-caprolactam and impurities is washed with
water or with an aqueous alkaline solution before entering step c.4)(ii). If washing is performed with an aqueous alkaline
solution, the alkaline solution is preferably an aqueous solution comprising an alkali metal hydroxide and/or alkali metal
carbonate, preferably sodium hydroxide or potassium hydroxide. Said alkali metal hydroxide solution preferably com-
prises 0.5 wt.% to 2.0 wt.% of sodium hydroxide or potassium hydroxide.

[0157] The skilled person can determine by routine experimentation the amount of water or aqueous alkaline solution
necessary for efficient washing of the organic phase comprising the organic solvent, e-caprolactam and impurities.
Preferably, this amount is between 0.1 vol.% and 5 vol.% relative to the amount of organic solvent in the to-be-washed
organic phase.

[0158] In another preferred embodiment, the washing of the organic phase comprising the organic solvent, e-caprol-
actam and impurities with water or aqueous alkaline solution is carried out in a counter-current operated washing column
whereby the organic phase comprising the organic solvent, e-caprolactam and impurities is introduced at the bottom
and the water or aqueous alkaline solution at the top of the column. The washing results in a washed organic phase
comprising the organic solvent, e-caprolactam and impurities and a residue-comprising phase. The residue-comprising
phase then contains water, impurities and e-caprolactam.

[0159] In a preferred embodiment, the organic phase comprising the organic solvent, g-caprolactam and impurities
that is optionally washed is subsequently extracted with water, whereby an e-caprolactam-water phase is obtained.
Preferably, this e-caprolactam-water phase is then stripped and/or distilled to remove residual solvent. Although the
amount of the water used for the recovery of e-caprolactam can vary, the amount of the water used is 0.5 to 20 times,
preferably 0.75 to 10 times, and more preferably 1 to 5 times by weight based on the recovered e-caprolactam.

[0160] Inanother preferred embodiment, the extraction with wateris carried outin a counter-current operated extraction
column, the g-caprolactam containing phase to be purified being introduced at the bottom and the water at the top of
the column. The extraction results in an g-caprolactam-water phase and in a solvent phase that comprises impurities.
Usually the solvent phase that comprises impurities is, optionally after purification, preferably by distillation, re-used.
[0161] The e-caprolactam-water phase, that was optionally stripped and/or distilled to remove residual solvent, is
concentrated by evaporation of water so that a concentrated aqueous e-caprolactam phase is obtained. The e-caprol-
actam content of this concentrated aqueous g-caprolactam phase is usually between 60 wt.% and 99.9 wt.% relative to
the entire phase.

[0162] In another preferred embodiment, organic solvent is evaporated from the organic phase comprising organic
solvent, e-caprolactam and impurities that is optionally washed instead of being extracted with water. Any suitable
evaporation vessel may be used, for example a column. Preferably the evaporation is performed in the presence of
water. More preferably, the evaporation is performed as an azeotropic distillation in which case the organic solvent is
evaporated as an azeotropic mixture. The evaporation results in e-caprolactam product. Preferably, the e-caprolactam
product is an aqueous g-caprolactam phase. The e-caprolactam content of this aqueous e-caprolactam phase is usually
between 40 wt.% and 99.9 wt.% relative to the entire phase.
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[0163] In another preferred embodiment, prior to the distillative removal in step c.4)(ii) of the process of the invention,
an oxidant, e.g., potassium permanganate, sodium permanganate, and/or hydrogen peroxide, is added to the g-capro-
lactam-water phase. Most preferably, potassium permanganate is used as oxidant.

[0164] Preferably, the oxidant is added as solid, as a slurry or in the form of an aqueous solution to the e-caprolactam-
water phase, so that a dilute aqueous solution is obtained during purification by oxidation. The skilled person can
determine by routine experimentation the amount of oxidant necessary for efficient oxidation of the e-caprolactam-water
phase. The exact amount of oxidant is, amongst others, very much dependent on the composition of the polyamide 6
rich streams that are charged to the depolymerization section in this process of the invention. Preferably, the amount of
oxidant is between 0.01 and 5 % by weight relative to the amount of e-caprolactam dissolved in the to-be-oxidized
aqueous phase.

[0165] The temperature used for oxidation of the aqueous solution in the process of the invention can vary. Preferably,
oxidation of this aqueous solution prior to the distillative removal in step c.4)(ii) with an oxidant is performed at a tem-
perature ranging from 20 °C to 85 °C, more preferably ranging from 30 °C to 80 °C, wherein the oxidant is selected from
the group consisting of potassium permanganate, sodium permanganate and hydrogen peroxide and combinations
thereof, in particular potassium permanganate.

[0166] The length of time used for oxidation with an oxidant can vary. Preferably, in the process of the invention, prior
to the distillative removal in step c.4)(ii), oxidation of the g-caprolactam-water phase with an oxidant is performed for 1
minute to 24 hours, more preferably for 2 minutes to 6 hours, and most preferably for 5 minutes to 2 hours.

[0167] The concentration of g-caprolactam in the e-caprolactam-water phase used for oxidation with an oxidant can
vary. Preferably, the aqueous solution used for oxidation comprises a weight to weight ratio of e-caprolactam to water
from 5:1to 1:5, more preferably from 3: 1 to 1: 3 and, most preferably from 2 : 1 to 1 : 2. Optionally, prior to the
addition of the oxidant to the aqueous phase, the weight to weight ratio of e-caprolactam to water is adapted. Preferably,
the weight to weight ratio of e-caprolactam to water is adapted by either addition of water or by removal of water.
[0168] In case potassium permanganate and/or sodium permanganate is used as oxidant, solid manganese(lV) oxide
(MnO,) particles are formed as reaction product. The skilled person can determine by routine experimentation the optimal
solid-liquid filtration procedure for efficient removal of solid manganese(IV) oxide particles from the aqueous phase after
oxidation. The usage of filter aids, like activated carbon or kieselguhr particles, to improve the filtration procedure are
in this regard common practice.

[0169] The aqueous g-caprolactam phase is optionally hydrogenated and if the aqueous e-caprolactam phase is
hydrogenated, then preferably in the presence of a hydrogenation catalyst known per se. The hydrogenation can be
carried out as for example described in EP635487.

[0170] Optionally water is evaporated from the, optionally hydrogenated, aqueous e-caprolactam phase. Preferably,
water is evaporated from the, optionally hydrogenated, aqueous e-caprolactam phase. Following the hydrogenation
and/or evaporation of water, the aqueous e-caprolactam phase is distilled to recover high purity e-caprolactam and a
distillation residue.

[0171] In step c.4)(iii) of the process of the invention, the optionally washed organic phase comprising the organic
solvent, e-caprolactam and impurities is subsequently distilled. Preferably, distillation of the optionally washed organic
phase comprising the organic solvent, e-caprolactam and impurities is carried out at a reduced pressure. In one embod-
iment, the distillation is effected at a pressure of less than 350 kPa, preferably less than 50 kPa, more preferably less
than 20 kPa and most preferably less than 10 kPa. Preferably, the distillation temperature at the bottom of the distillation
column is between 100 °C and 200 °C and more preferably between 110 °C and 180 °C. The distillation includes the
separation of low-boiling organic impurities (having a lower boiling point than e-caprolactam) and/or separating high-
boiling organic impurities (having a higher boiling point than e-caprolactam) from e-caprolactam.

[0172] In a preferred embodiment, prior to the distillative removal in step c.4)(iii), alkali metal hydroxide, preferably
NaOH, is added to the e-caprolactam comprising phase. Preferably, the amount of NaOH that is added ranges from 0.5
to 100 mmol per kg e-caprolactam, and more preferably from 2 to 80 mmol per kg e-caprolactam. This leads to a
particularly effective distillative removal of impurities with lower and higher boiling points than e-caprolactam.

[0173] Inanother preferred embodiment, crude e-caprolactam obtained from a Beckmann rearrangement of cyclohex-
anone oxime is also purified in the purification section apart from the crude e-caprolactam that is recovered in the recovery
section. This has the advantage that by introducing recycled e-caprolactam according to the present invention, the carbon
footprint of a plant producing e-caprolactam de novo from a Beckmann rearrangement of cyclohexanone oxime can be
reduced.

[0174] The high purity e-caprolactam obtained according to the method of the invention can be used to make polyamide
6 using processes well-known to the skilled person. The polyamide 6 may then be used in all known materials, including
engineering materials, fibers and films.
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The recovery of polyether polyurethane (steps d.1) and d.2)):

[0175] The polyether polyurethane rich stream which is obtained during the separation step b) is used for the recovery
of polyether polyurethane in the separation section [B], wherein the polyether polyurethane rich stream is a solution
comprising a solvent and polyether polyurethane (step d.1)).

[0176] In step d.2) of the process of the invention, the recovered polyether polyurethane is discharged from the
separation section [B]. Optionally, the recovered polyether polyurethane is dried prior to being discharged from the
separation section [B].

[0177] Steps d.1) and d.2) can be replaced by steps b.3) and b.4). A preferred embodiment of the process of the
invention is therefore performed in a plant that comprises

- a separation section [B] comprising a dissolution section [a], a washing section [B], a precipitation section [y], and
a solvent distillation section [3],

- adepolymerization section [C], and

- arecovery section [D],

and comprises the following steps:

a) charging polyamide 6 and polyether polyurethane comprising material to the separation section [B];

b.1) charging an organic solvent, and polyamide 6 and polyether polyurethane comprising material to the dissolution
section [a] of the separation section [B];

b.2) dissolving polyether polyurethane from the polyamide 6 and polyether polyurethane comprising material in an
organic solvent in the dissolution section [a], so that a polyether polyurethane rich stream comprising organic solvent
and dissolved polyether polyurethane, and a stream comprising non-dissolved polyamide 6 are obtained and dis-
charging the obtained streams from the dissolution section [a];

b.3) charging a second solvent and said polyether polyurethane rich stream comprising organic solvent and dissolved
polyether polyurethane to the precipitation section [y] of the separation section [B] so that polyether polyurethane
is precipitated from a mixture comprising organic solvent and second solvent;

b.4) recovering said precipitated polyether polyurethane from said mixture comprising organic solvent and second
solvent and discharging said precipitated polyether polyurethane from the precipitation section [y];

b.5) discharging the mixture comprising organic solvent and second solvent from which precipitated polyether poly-
urethane has been recovered in step b.4) from the precipitation section [y] and charging said mixture to the solvent
distillation section [3] of the separation section [B];

b.6) charging a third solvent and the stream comprising non-dissolved polyamide 6 to the washing section [B] of the
separation section [B];

b.7) washing the stream comprising non-dissolved polyamide 6 with the third solvent in the washing section [], so
that a polyamide 6 rich stream and a mixture comprising organic solvent and third solvent are obtained;

b.8) discharging said polyamide 6 rich stream from the washing section [B];

b.9) discharging the mixture comprising organic solvent and third solvent that is obtained in step b.7) from the
washing section [B] and charging said mixture to the solvent distillation section [5] of the separation section [B];
b.10) separating organic solvent from the second solvent and the third solvent by distillation in the solvent distillation
section [3] and discharging the second solvent, the third solvent, and the separated organic solvent from the solvent
distillation section [3].

c.1) discharging the polyamide 6 rich stream from separation section [B] and charging the polyamide 6 rich stream
to depolymerization section [C] wherein the polyamide 6 content of the polyamide 6 rich stream is at least 85 %,
preferably at least 90 % by weight on dry-weight basis;

c.2) depolymerizing the polyamide 6 in the polyamide 6 rich stream in the depolymerization section [C] at a temper-
ature ranging from 180 °C to 400 °C so that an e-caprolactam comprising stream is obtained and discharging the
obtained e-caprolactam comprising stream from the depolymerization section [C];

c.3) recovering crude g-caprolactam from said e-caprolactam comprising stream in the recovery section [D].

The plant

[0178] The invention also provides a plant in which the above-described process of the invention can be carried out.
The plant is a chemical plant. All plant features specifically described in connection with the plant below therefore also
correspond to specific embodiments of the process of the invention and vice versa. Thus, the plant is suitable for carrying
out the process of the invention and it is to be understood that what has been described in connection with the process
of the invention equally applies to the plant embodiments.
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[0179] The plant can be a laboratory setup as in the examples. Preferably, however, the plant is an industrial scale
plant. "Industrial scale" means that the plant has a production capacity for e-caprolactam (i.e., is in principle capable of
producing the same in an amount of) of at least 500 tons/year if operated all the time.

[0180] The plant of the invention is suitable for the production of purified e-caprolactam and polyether polyurethane
from polyamide 6 and polyether polyurethane comprising material and comprises at least the following three sections:
a separation section [B], a depolymerization section [C], and a recovery section [D], and further optionally, a pre-treatment
section [A] and optionally, a purification section [E]. These sections, and thereby the plant, is configured to carry out the
process of the invention described above.

[0181] Inaddition, the plant of the invention can comprise a pre-treatment section [A], which can comprise a mechanical
size reduction section to fragment the polyamide 6 and polyether polyurethane comprising material into pieces and/or
a cleaning section to wash the polyamide 6 and polyether polyurethane comprising material. Cleaning includes both
washing and separation of foreign materials from the polyamide 6 and polyether polyurethane comprising material. The
separation of foreign materials can be done both manually (handpicking) and mechanically (e.g., density separation,
and magnetic separation). Both manual and mechanical devices, like brushes, can help with the washing in the cleaning
section. The washing is preferably carried out by an additional effect of friction. Different types of industrial washing
systems are available on the market, like rotary plastic washers and (high speed) friction washers. The mechanical size
reduction section comprises equipment for the mechanical fragmentation of the polyamide 6 and polyether polyurethane
comprising material into pieces. Non-limiting examples of this fragmentation equipment are a cutter, a puncher, a shred-
der, a mill, a grinder, or a chipper.

[0182] The separation section [B] can comprise the following four sections: a dissolution section [a], a washing section
[B], a precipitation section [y], and a solvent distillation section [3]. These sections, and thereby the plant, is configured
to carry out the process of the invention described above.

[0183] The dissolution section [a] comprises one or more dissolution units that are operated in series and/or in parallel,
and one or more separation units that are operated in series and/or in parallel. The optionally cleaned and/or fragmented
pieces of polyamide 6 and polyether polyurethane comprising material is fed to the dissolution unit(s) as a solid or as a
melt, preferably as a solid. The optionally cleaned and/or fragmented pieces of polyamide 6 and polyether polyurethane
comprising material is optionally dried prior to being fed to the dissolution section [o]. The dissolution unit(s) is/are
equipped with inlets for charging separated organic solvent and fresh organic solvent. The dissolution unit(s) is/are
equipped with one or more outlets for discharging the mixture obtained in the dissolution unit(s). This mixture comprises
non-dissolved polyamide 6 and organic solvent in which polyether polyurethane is dissolved. Preferably, the dissolution
unit(s) is/are closed. This has the advantage thatthe emission of organic solventto the environmentis reduced. Preferably,
the dissolution unit(s) is/are equipped with means to control the temperature in the unit(s) (e.g., steam coils, steam
tracing, electrical tracing). Optionally, the temperature of the separated organic solvent and fresh organic solvent is
adjusted (e.g., in a heat exchanger) before being charged to the dissolution section [a].

[0184] Good contact between organic solvent and the polyamide 6 and polyether polyurethane comprising material
is essential for an effective operation. Such contact may be achieved by various means known generally in the art.
Improved contact can be achieved by mechanical friction. Mechanical friction in turn can be achieved, e.g., by agitation
with a combination of rotating paddles and static fins.

[0185] Dissolution units suitable for the dissolution of a polymer in an organic solvent are known to the man skilled in
the art. A stirred vessel is an example of such a dissolution unit.

[0186] In the separation unit(s) the mixture that is discharged from the dissolution unit(s) is separated into a polyether
polyurethane rich stream comprising organic solvent and dissolved polyether polyurethane, and a stream comprising
non-dissolved polyamide 6. The polyether polyurethane rich stream comprising organic solvent and dissolved polyether
polyurethane is discharged via a discharge line and charged to precipitation section [y]. The stream comprising non-
dissolved polyamide 6 is discharged via a discharge line and charged to washing section [B]. It is advantageous that the
amount of organic solvent in the stream comprising non-dissolved polyamide 6 is low in order to facilitate the washing
in the washing section [B].

[0187] Separation unit(s) suitable for the separation of (non-dissolved) polymer and an organic solvent are known to
the man skilled in the art. A centrifuge and a filter are examples of such a separation unit.

[0188] Preferably, a dissolution unit and a separation unit are combined in one piece of equipment. This leads to a
process intensification.

[0189] The washing section [] comprises equipment for washing the stream comprising non-dissolved polyamide 6
with a third solvent to obtain a polyamide 6 rich stream and a mixture comprising organic solvent and third solvent. The
purpose of the washing section [f] is to remove the organic solvent to a large extent. Optionally, the washing section
[B] comprises equipment for drying the polyamide 6 rich stream. The mixture comprising organic solvent and third solvent
is discharged from the washing section [B] and is charged to the solvent distillation section [8]. Herein, "charged to the
solvent distillation section [3]" also includes indirect means, i.e., additional steps/sections in between. Preferably, the
mixture comprising organic solvent and third solvent that is discharged from the washing section [B] is completely or
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partly charged to the precipitation section [y] before being charged to the solvent distillation section [3].

[0190] Optionally after being dried, the polyamide 6 rich stream is discharged from the washing section [$] and is
charged to the depolymerization section [C].

[0191] Good contact between the third solvent and the polyamide 6 rich stream is essential for an effective operation.
Such contact can be achieved by various means known to the skilled person. One means is a (continuous) centrifuge
that is fed with the polyamide 6 rich stream and to which the third solvent is charged as washing solvent.

[0192] The distillation section [3] comprises one or more distillation columns that are operated in series and/or in
parallel. Distillation columns can be operated in a batch-wise, a semi-continuous or in a continuous mode. The choice
between these modes of operation is very much dependent on the scale of operation. In general, batch-wise operation
of distillation columns is more suited for treating low volume feed streams. Continuous operation of distillation columns
is more suited for treating large volume feed streams.

[0193] The exact lay-out of the distillation section [8] also depends on the nature of the organic solvent, the second
solvent and the third solvent.

[0194] The distillation section [3] is charged with the mixture comprising organic solvent and second solvent from
which precipitated polyether polyurethane has been recovered and the mixture comprising organic solvent and third
solvent that was discharged from the washing section [B]. Separated organic solvent is discharged from the distillation
section [8] and is charged to the dissolution section [a]. The second solvent and the third solvent are discharged from
the distillation section [8] and are optionally charged to precipitation section [y] and to the washing section [B], respectively.
Residues are discharged from the distillation section [3]. Optionally, the residues are incinerated, whereby energy is
recovered. Finally, degradation products of the used solvents are discharged from the distillation section [5]. Acetic acid
and dimethylamine are examples of degradation products of organic solvent N,N-dimethylacetamide (DMAc).

[0195] The depolymerization section [C] comprises one or more depolymerization reactors that are operated in series
and/or in parallel. The polyamide 6 rich stream is fed to the reactor as a solid or as a melt, preferably as a melt. This
feeding may be achieved by using an extruder, gear pump, or other means known in the art.

[0196] During production, a depolymerization reactor is at least partially filled with polyamide 6-containing feedstock,
residual material, e-caprolactam (and optionally catalyst). The depolymerization reactor can have any desirable form.
Preferred reactor types are stirred and non-stirred bubble column reactors, stirred reactors and extruder type reactors.
[0197] The depolymerization reactor must be equipped with facilities for feeding of the polyamide 6 rich stream, the
superheated steam and optionally the catalyst. In addition, the depolymerization reactor must be equipped with facilities
for discharging the vapor stream comprising e-caprolactam and water, and the residual material.

[0198] Good contact between steam and the reactor content is essential for an effective operation. Such contact may
be achieved by various means known by the skilled person. As an example, steam may be sparged through the material
using a multiplicity of inlets provided by, e.g., a steam distributor. Improved contact can also be achieved by including
mechanical agitation in the reactor. The mechanical agitation, can be achieved, e.g., by using a combination of rotating
paddles and static fins.

[0199] Preferably, depolymerization is complete in 0.5 to 6 hours.

[0200] If superheated steam at high temperatures is not available on a production site, it has to be made on purpose
by superheating of available steam from a boiler in a so-called superheater.

[0201] The recovery section [D] comprises one or more (preferably partial) condensers to which the vapor stream
comprising e-caprolactam and water is charged. Such a (partial) condenser can have any desirable form. Preferably, a
condenser is a distillation column from which a water-rich phase is obtained as top-product and crude e-caprolactam as
bottom product.

[0202] The purification section [E] comprises one or more pieces of extraction equipment, one or more pieces of
distillation equipment, optionally, one or more pieces of solvent switch equipment, optionally, an oxidation section, and
optionally, a hydrogenation section, to which the crude e-caprolactam is charged and from which high purity e-caprolactam
is discharged.

[0203] The crude g-caprolactam and the organic solvent are charged to the extraction equipment and an organic phase
comprising the organic solvent, e-caprolactam and impurities, and an aqueous phase comprising water and impurities
are discharged. The extraction equipment is selected from mixer-settler extractors, extraction columns and centrifugal
extractors and combinations thereof. Preferably, extraction equipment is a static or an agitated extraction column, like
KARR® Columns, SCHEIBEL® Columns, rotating disc contactors (RDC), pulsed columns, sieve trays (static) columns,
random packing (static) columns, and structured packing (SMVP) (static) columns.

[0204] Water and an organic phase comprising the organic solvent, e-caprolactam and impurities are charged to the
solvent switch equipment and an organic solvent comprising phase and an g-caprolactam-water phase comprising the
water, g-caprolactam, and impurities are discharged. The solvent switch equipment for processes based on back-ex-
traction is selected from mixer-settler extractors, extraction columns and centrifugal extractors and combinations thereof.
Preferably, equipment for back-extraction is a static or an agitated extraction column, like KARR® Columns, SCHEIBEL®
Columns, rotating disc contactors (RDC), pulsed columns, sieve trays (static) columns, random packing (static) columns,
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and structured packing (static) columns.

[0205] The solvent switch equipment for processes based on solvent swap distillation is selected from sieve trays
distillation columns, random packing distillation columns, and structured packing distillation columns. Preferably, the
distillation column is equipped with a reboiler, a condenser and equipment for reflux. The distillation column can be
operated at atmospheric pressure, sub-atmospheric pressure or super-atmospheric pressure. Preferably, water is
chargedto the upper part of the distillation column and the aqueous phase comprising water, e-caprolactam and impurities
with lower- or higher-boiling points than e-caprolactam is discharged from the lower part of the distillation column.
[0206] The optionally present oxidation section comprises one or more oxidation reactors that are operated in series
and/or in parallel. An oxidant and the g-caprolactam-water phase comprising water, g-caprolactam, and impurities are
charged to the oxidation section. The oxidant can be charged as solid, as a slurry or in the form of an aqueous solution.
Preferably, the oxidant is charged as an aqueous solution. In case potassium or sodium permanganate is applied as
oxidant then the oxidation section also comprises a filtration section. The oxidation reactor can have any desirable form.
Preferred reactor types are stirred and non-stirred reactors and packed column type reactors. The oxidation reactor
must be equipped with facilities for feeding of the aqueous phase comprising water, e-caprolactam and impurities with
lower- or higher-boiling points than g-caprolactam, and the oxidant. In addition, the oxidation reactor must be equipped
with facilities for discharging the oxidized e-caprolactam-water phase comprising the water, e-caprolactam, and impurities,
and optionally formed solid manganese(IV) oxide (MnO,) particles. Usually, the oxidation is performed at a temperature
ranging from 20 °C to 85 °C and at atmospheric conditions.

[0207] The optionally present solid manganese(lV) oxide (MnO,) particles can be removed by settling or by solid-
liquid filtration, preferably by solid-liquid filtration. The usage of filter aids, like activated carbon particles and kieselguhr,
to improve the filtration procedure are common practice. Filter systems suitable for the separation of solid manganese(1V)
oxide particles are known to the skilled person. To such a filter system a suspension of the oxidized e-caprolactam-water
phase comprising water, e-caprolactam and impurities, and the solid manganese(lV) oxide particles are charged and
the filtered oxidized ¢-caprolactam-water phase comprising the water, e-caprolactam and impurities is discharged. Gen-
erally, the solid manganese(lV) oxide particles are retained in the filter system. Typically, such a filter system is operated
in a semi-continuous mode so that the suspension and the filtered phase are continuously charged and continuously
discharged, respectively, while the separated solids are collected in the filter system. From time to time, the charging of
the suspension is interrupted and the collected solids are removed from the filter system.

[0208] The purification of the crude e-caprolactam to obtain purified e-caprolactam can comprise a hydrogenation with
a heterogeneous catalyst, in which case the plant will comprise a hydrogenation section. Preferably, the catalyst com-
prises nickel or palladium.

[0209] The hydrogenation section comprises one or more hydrogenation reactors that are operated in series and/or
in parallel. The hydrogenation can be performed in a three-phase system (gas, liquid, solid) that consists of an aqueous
e-caprolactam mixture, gaseous hydrogen and heterogeneous hydrogenation catalyst. Alternatively, the hydrogenation
can be performed in a two-phase system (liquid, solid) that consists of an aqueous e-caprolactam mixture, that is
completely or partially saturated with hydrogen, and heterogeneous hydrogenation catalyst. Dissolution of the hydrogen
in the water-g-caprolactam mixture can be effected by any process that is known to one skilled in the art. Preferably, the
mixture is contacted with hydrogen in an absorber or in a mixer in which a constant hydrogen pressure is maintained.
Intensive contact between the hydrogen and the mixture will ensure that the hydrogen dissolves in the mixture. Such a
process is preferably carried out continuously. The hydrogen-containing mixture is subsequently contacted with the
hydrogenation catalyst for example in a separate reactor.

[0210] The heterogeneous catalyst can be contacted with the hydrogen-containing reaction mixture in various ways.
Hydrogenation may for instance take place in a stirred tank reactor in which the catalyst particles are suspended in the
mixture to be hydrogenated (slurry phase process). In such a slurry phase process the catalyst particles and the purified
mixture must be separated in an additional process step after the hydrogenation reaction, for instance by means of
filtration. Preferably, the catalyst comprises palladium or nickel.

[0211] Alternatively, the hydrogenation can be effected in a fixed-bed reactor with the catalyst being fixed in the reactor,
so that the additional step for separation of the catalyst and reaction mixture can be dispensed with. Preferably, the fixed
bed is consisting of a supported palladium or nickel catalyst.

[0212] The hydrogenation temperature is generally between 20 and 160°C. The hydrogenation pressure is generally
between 0.1 and 15 MPa.

[0213] To the distillation equipment the e-caprolactam-water phase comprising water, g-caprolactam and impurities is
charged and high purity e-caprolactam, water and impurities (i.e., low-boiling organic impurities having a lower boiling
point than e-caprolactam and organic high-boiling impurities having a higher boiling point than e-caprolactam) are dis-
charged. The distillation equipment is selected from sieve trays distillation columns, random packing distillation columns,
structured packing distillation columns, horizontal and vertical (falling and climbing) film evaporators. Preferably, the
distillation columns are equipped with a reboiler, a condenser and equipment for reflux. The distillation equipment can
be operated at atmospheric pressure, sub-atmospheric pressure or super-atmospheric pressure, preferably at sub-
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atmospheric pressure.

[0214] Preferably, the distillation includes the separation of water, low-boiling organic impurities (having a lower boiling
point than e-caprolactam) from e-caprolactam and/or separating organic high-boiling impurities (having a higher boiling
point than g-caprolactam) from e-caprolactam. The distilling thus includes in a first step the separation of water from ¢-
caprolactam as top product while e-caprolactam containing low-boiling impurities and high-boiling impurities are removed
as a bottom product. In a second step, low-boiling impurities are removed from g-caprolactam as top product while e-
caprolactam containing high-boiling impurities is obtained as bottom product. In a third step, high purity e-caprolactam
is separated out as a top product while leaving as a bottom product a distillation residue comprising g-caprolactam and
high boiling impurities. Optionally, the first step and the second step are combined.

[0215] Typically, prior to the distillative removal of water and impurities, alkali metal hydroxide, preferably NaOH, is
added to the oxidized g-caprolactam-water phase comprising the water, e-caprolactam and impurities. Preferably, the
amount of NaOH that is added ranges from 0.5 to 100 mmol per kg e-caprolactam, more preferably from 2 to 25 mmol
per kg e-caprolactam. This leads to a particularly effective distillative removal of impurities with lower and higher boiling
points than e-caprolactam in the subsequent distillation.

[0216] The process of the invention can be operated in a continuous, semi-continuous or batch-wise fashion. Accord-
ingly, also the plant of the invention can be configured to allow for one or more of these operating modes. In a preferred
embodiment, the plant is configured to operate the process of the invention in a continuous or semi-continuous fashion.
However, a discontinuous process is also possible. For example, the plant of the invention does not need to contain all
sections described herein in one location. In particular, the pre-treatment section [A] can be located at a first location,
while the separation section [B], the depolymerization section [C], the recovery section [D] and the purification section
[E] are located at a second location. Similarly, also a mechanical size reduction section as part of the pre-treatment
section [A], can be located at a first location, while a cleaning section as part of pre-treatment section [A] can be located
at a second location. The separation section [B], the depolymerization section [C], the recovery section [D] and the
purification section [E] can then even be located at a third location.

[0217] Optionally, the cleaning section is split in two or more segments that are optionally all located at different
locations. E.g., a first segment of a cleaning section as part of pre-treatment section [A] can be located at a first location,
a mechanical size reduction section as part of the pre-treatment section [A] can be located at a second location, while
a second segment of cleaning section as part of pre-treatment section [A] can be located at a third location. The separation
section [B], the depolymerization section [C], the recovery section [D] and the purification section [E] are located at a
fourth location.

[0218] Optionally, the separation section [B] can be located at a location that differs from the location(s) of pre-treatment
section [A], the depolymerization section [C], the recovery section [D] and the purification section [E]. Preferably, the
separation section [B] can be located near a location whereby the recovered polyether polyurethane is re-used.

The product

[0219] The process of the invention allows producing e-caprolactam and polyether polyurethane, which meet the
specification for high demanding applications, and at the same time the process is particularly environmentally friendly
due to its lowered product carbon footprint and the use of waste as starting material.

[0220] In a preferred embodiment, the e-caprolactam obtained by the process of the invention fulfils one or more of
the following specifications, wherein the parameters and measurement methods are defined as in the Example section
herein below:

PAN: max. 5
E290: max. 0.05
VB: max. 0.5 mmol/kg

Alkalinity: ~ max. 0.1 mmol/kg

[0221] In preferred embodiments, the polyether polyurethane obtained by the process of the invention can be re-used
as such or in combination with virgin polyether polyurethane in the production of textiles.

[0222] The e-caprolactam produced by the process of the invention is also particularly economically and environmen-
tally friendly. This is evident from the much lower carbon footprint of the e-caprolactam produced by the process of the
invention as compared to classically produced e-caprolactam (e.g., by Beckmann rearrangement of cyclohexanone
oxime).

[0223] The polyether polyurethane produced by the process of the invention is also particularly economically and
environmentally friendly. Again, this is evident from the much lower carbon footprint of the polyether polyurethane
produced by the process of the invention as compared to classically produced polyether polyurethane, e.g., by reaction
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of polyether polyols and diisocyanate monomer.

[0224] The environmental impact of a product is generally expressed as the product carbon footprint or short as 'carbon
footprint’. The carbon footprint of a product is defined as the total emissions caused by the formation of that product,
expressed as ton carbon dioxide equivalent per ton product. The carbon footprint of a productis amongst others depending
on the feedstock, auxiliary materials, energy consumption, energy sources, production process and process efficiencies.
Quantification of the carbon footprint of a product can be done as described in, e.g., the European Standard EN ISO
14040:2006 ("Environmental management - Life cycle assessment - Principles and framework).

[0225] Product carbon footprint calculations can be done both in-house or by external (preferably) certified organiza-
tions. These organizations verify and certify the product carbon footprint calculations based on e.g., LCA standard ISO
14040.

[0226] J.Hong and X. Xu ("Environmental impact assessment of caprolactam production - a case study in China"; J.
of Cleaner production 27 (2012) 103-108; DOI: 10.1016/j.jclepro.2011.12.037) reported that the potential impact of
"virgin" e-caprolactam obtained via Beckmann rearrangement of cyclohexanone oxime on global warming is 7.5 ton CO,
equivalent per ton g-caprolactam (which is equal to 7.5 kg CO, equivalent per kg e-caprolactam), in case coal-based
electricity and steam generation are involved. If natural gas-based electricity and steam generation are involved, the
potential impact of virgin e-caprolactam on global warming of the e-caprolactam production process will be reduced to
6.4 ton CO, equivalent per ton e-caprolactam (which is equal to 6.4 kg CO, equivalent per kg e-caprolactam).

[0227] The product carbon footprint of e-caprolactam that is obtained according to the process of the invention is much
lower than the one of de novo synthesized, or "virgin" e-caprolactam. The product carbon footprint of the g-caprolactam
that is obtained according to the process of the invention is less than 5.0 kg, preferably less than 4.0 kg and most
preferably less than 3.0 kg CO, equivalent per kg e-caprolactam.

[0228] N.M. van der Velden, M.K. Patel and J.G. Vogtlander (Table 7 in: "LCA benchmarking study on textiles made
of cotton, polyester, nylon, acryl, or elastane", Int J Life Cycle Assess (2014) 19:331-356; DOI:
10.1007/s11367-013-0626-9) reported that the potential impact of virgin elastane production on global warming is equal
to 4.836 kg CO, equivalent per kg elastane.

[0229] The product carbon footprint of polyether polyurethane that is obtained according to the process of the invention
is much lower than the one of de novo synthesized, or "virgin" polyether polyurethane. The product carbon footprint of
the polyether polyurethane that is obtained according to the process of the invention is less than 3.0 kg, preferably less
than 2.0 kg CO,, and most preferably less than 1.0 kg CO, equivalent per kg polyether polyurethane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0230] In the following, the invention will be more fully described with reference to the Figures, which depict certain
embodiments of the invention. The invention, however, is as defined in the claims and as generally described herein. It
should not be limited to the embodiments shown for illustrative purposes in the Figures below.

FIG. 1 is a schematic of the process of the invention for the recovery of both purified e-caprolactam and polyether
polyurethane from polyamide 6 and polyether polyurethane comprising material, comprising processing steps per-
formed in optionally a pre-treatment section [A], a separation section [B], a depolymerization section [C], a recovery
section [D] and optionally a purification section [E].

FIG. 2 illustrates an embodiment of the separation section [B], in which the polyamide 6 and polyether polyurethane
comprising material is separated to obtain a polyamide 6 rich stream and a polyether polyurethane rich stream. The
embodiment consists of a dissolution section [a], a washing section [B], a precipitation section [y], and a solvent
distillation section [3].

DETAILED DESCRIPTION OF THE DRAWINGS

[0231] The process of the invention is schematically illustrated in FIG. 1. The process is carried out in the following
plant sections:

In the optional pre-treatment section [A] polyamide 6 and polyether polyurethane comprising material [1] is cleaned
and/or fragmented by mechanical size reduction to obtain cleaned and/or fragmented pieces of polyamide 6 and polyether
polyurethane comprising material [2] that are discharged. Optionally, in the pre-treatment section [A], in which the
polyamide 6 and polyether polyurethane comprising material [1] is cleaned by removal of foreign materials and/or by
washing with a washing solvent [3], foreign materials and contaminated washing solvent [4] are obtained that are dis-
charged. Removal of foreign materials can be done prior and/or after the washing with a washing solvent [3]. Cleaning
can be done prior and/or after the fragmentation of the polyamide 6 and polyether polyurethane comprising material [1].
Optionally, the polyamide 6 and polyether polyurethane comprising material [2] is dried after the cleaning step and prior
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to being charged to the separation section [B];

[0232] In the separation section [B] the optionally cleaned and/or fragmented pieces of polyamide 6 and polyether
polyurethane comprising material [2] are separated in a polyamide 6 rich stream [13] and a polyether polyurethane rich
stream. Preferably, the separation of polyamide 6 and polyether polyurethane comprising material [2] in a polyamide 6
rich stream [13] and a polyether polyurethane rich stream is achieved by selective dissolution of polyether polyurethane
in an organic solvent. Optionally, fresh organic solvent is charged to separation section [B] via line [6]. Optionally, a
second solvent is charged to separation section [B] via line [9], which is used to precipitate polyether polyurethane from
the polyether polyurethane rich stream so that precipitated polyether polyurethane [10] is obtained. Optionally, precipi-
tated polyether polyurethane [10] is dried prior to being discharged from the separation section [B]. Optionally, a third
solvent is charged to separation section [B] via line [12], which is used to wash the polyamide 6 rich stream [13] prior to
being discharged from the separation section [B]. Optionally, the polyamide 6 rich stream [13] is dried prior to being
discharged from the separation section [B]. Optionally, separation section [B] comprises a section (preferably a solvent
distillation section) that separates off the second solvent and the third solvent [15] and residues [16], which are discharged
from separation section [B];

[0233] In depolymerization section [C] the polyamide 6 rich stream [13] is depolymerized so that an g-caprolactam
comprising stream [19] is obtained which is discharged from the depolymerization section [C]. In addition, residual
material [20] is discharged. Superheated steam [17] and optionally a catalyst [18] are charged to the depolymerization
section [C]. Optionally, the polyamide 6 rich stream [13] is melted before being charged to depolymerization section [C];
[0234] In recovery section [D] crude g-caprolactam [21] is recovered from the e-caprolactam comprising stream [19]
that is discharged from the depolymerization section [C]. In addition, an aqueous phase [22] is discharged from the
recovery section [C];

[0235] In the optional purification section [E] crude e-caprolactam [21] that is discharged from recovery section [D] is
purified to yield high purity e-caprolactam [24]. Water and impurities [23] are also discharged from the purification section
[E].

[0236] FIG. 2 depicts an embodiment of the separation section [B] (area enclosed by the dashed line), in which the
polyamide 6 and polyether polyurethane comprising material is separated to obtain a polyamide 6 rich stream and a
polyether polyurethane rich stream. This embodiment comprises the following sections:

In the dissolution section [a] polyether polyurethane is dissolved in an organic solvent from the optionally cleaned and/or
fragmented pieces of polyamide 6 and polyether polyurethane comprising material [2] to obtain a polyether polyurethane
rich stream comprising organic solvent and dissolved polyether polyurethane [7] and a stream comprising non-dissolved
polyamide 6 [8]. These are discharged from dissolution section [a]. The organic solvent is the separated organic solvent
[5] to which optionally fresh organic solvent [6] is added;

[0237] In the precipitation section [y] a second solvent [9] and the polyether polyurethane rich stream comprising
organic solvent and dissolved polyether polyurethane [7] are mixed so that polyether polyurethane is precipitated from
a mixture comprising organic solvent and second solvent. The precipitated polyether polyurethane is recovered (e.g.,
by filtration or centrifugation) from the mixture comprising organic solvent and second solvent. The precipitated polyether
polyurethane [10] that is recovered is discharged from precipitation section [y]. Optionally, the precipitated polyether
polyurethane [10] is dried after the recovery step and prior to being discharged from the precipitation section [y]. The
mixture comprising organic solvent and second solvent from which precipitated polyether polyurethane has been recov-
ered [11] is discharged from the precipitation section [y] and charged to the solvent distillation section [5];

[0238] In the washing section [B] the stream comprising non-dissolved polyamide 6 [8] is washed with a third solvent
[12] to obtain a polyamide 6 rich stream [13] and a mixture comprising organic solvent and third solvent [14]. The
polyamide 6 rich stream [13] is discharged from the washing section [B]. Optionally, the polyamide 6 rich stream [13] is
dried after the washing step and prior to being discharged from the washing section []. The mixture comprising organic
solvent and third solvent [14] is discharged from the washing section [B] and optionally charged to the solvent distillation
section [§];

[0239] In the solvent distillation section [8] the mixture comprising organic solvent and second solvent from which
precipitated polyether polyurethane has been recovered [11] and optionally the mixture comprising organic solvent and
third solvent [14] are distilled to obtain separated organic solvent [5], second solvent and third solvent [15], and residues
[16]. Optionally, the second solvent and the third solvent are both water, in which case separated organic solvent [5] is
dried organic solvent. The separated organic solvent [5] is charged to dissolution section [a].

EXAMPLES
[0240] The following examples serve to explain the invention in more detail, in particular with regard to certain forms
of the invention. The examples, however, are not intended to limit the present disclosure.

[0241] &-caprolactam, that can be used for all major polymerization applications, without dilution with purer qualities
of e-caprolactam, fulfils all of the following specifications:
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PAN: max. 5
E290: max. 0.05
VB: max. 0.5 mmol/kg

Alkalinity: ~ max. 0.1 mmol/kg

[0242] The parameters and measurement methods are defined as follows:

PAN :1SO DIS 8660-Plastics-Determination of permanganate index of caprolactam- Spectrometric method, revision
of first edition ISO 8660; 1988,
E290 : ISO 7059-caprolactam for industrial use-determination of absorbance at a wavelength of 290 nm.

[0243] Volatile bases (VB)ISO 8661-Caprolactam for industrial use-Determination of volatile bases content-Titrimetric
method after distillation.

[0244] Alkalinity of e-caprolactam product: the alkalinity is determined by titration at a temperature of 25 °C using a
Tashiro indicator in a 1 : 2 ratio of 0.1 Wt./Vgy,,,0% Methylene blue : 0.1 Wt./Vgy 400 % Methyl red, which is grey at its
end point. A flask containing water and indicator is first titrated to grey, then X grams of an aqueous e-caprolactam
solution containing Y wt.% e-caprolactam (as determined by refractive index) is added and the solution is titrated back
to grey using a 0.01 N H,SO, solution. Alkalinity is then given by:

Alkalinity (mmol/kg e-caprolactam) = v *t * 1000 / (X * Y)
[0245] Where:
v = volume of H,SO, solution added (ml)
t = normality of H,SO, solution (= 0.01 N)
X = weight of sample (g)
Y = concentration e-caprolactam (wt.%)

EXAMPLE 1

Pre-treatment and separation of polyamide 6 and polyether polyurethane

[0246] The polyether polyurethane content of the used polyether polyurethane containing polyamide 6 wasted fabric
was 20.2 +/- 0.4 wt.% (as determined by Differential Scanning Calorimetry (DSC) Method ISO11357-3_-130 °C to 300
°C_10 °C/min_dt 1.00 s).

[0247] The polyether polyurethane containing polyamide 6 wasted fabric was cut in small pieces ranging from 5 to 20
cm? each. 150.4 grams of this cut material was dissolved in 800 grams of DMAc at a temperature of 70 °C for 1 hour
under stirring. The resulting solution was vacuum filtered through a heated double walled Buchner funnel at a temperature
of 70 °C, whereby filtrate 1 was obtained. The remaining non-dissolved material was further treated three times with
each time 400 grams DMAc at a temperature of 70 °C for 1 hour under stirring, whereby the filtrates 2 to 4 were obtained.
[0248] The non-dissolved material on the Buchner funnel was washed with 325 grams of water at a temperature of
65 °C, whereby filtrate 5 was obtained and then the non-dissolved material was dried and afterwards weighed. The five
filtrates were combined, whereby a precipitate and a clear solution were obtained. The precipitate was filtered off and
washed with 200 grams of water and subsequently dried and afterwards weighed. The weight fraction of the dried
precipitate was 20 wt.% of the total weight of the dried precipitate and the dried non-dissolved material, which was almost
equal to the weight of the starting material.

[0249] Analysis by Differential Scanning Calorimetry (DSC) revealed that the polyether polyurethane content of the
dry precipitate was circa 100 wt.% (polyamide 6 was not detected). Based on DSC analysis, the nylon 6 content of the
dry non-dissolved material was circa 100 wt.% (polyether polyurethane was not detected).

[0250] Therecovered polyether polyurethane precipitate can be re-used as-such or in combination with virgin polyether
polyurethane in the production of textiles.

[0251] This EXAMPLE shows that polyether polyurethane and polyamide 6 can be separated from polyether poly-
urethane containing polyamide 6 wasted fabric by selective extraction, precipitation of the dissolved polyether poly-
urethane and washing of the non-dissolved polyamide 6. After drying, the recovered precipitate consists of almost pure
polyether polyurethane and the polyether polyurethane content of the non-dissolved material is much lower than that of
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the polyether polyurethane containing polyamide 6 wasted fabric, that was used as starting material.
EXAMPLE 2

Pre-treatment and separation of polyamide 6 and polyether polyurethane

[0252] The polyether polyurethane content of the used polyether polyurethane containing polyamide 6 wasted fabric
was 8.15 +/- 0.05 wt.% (as determined by Differential Scanning Calorimetry (DSC) Method 1ISO11357-3_-130 °C to 300
°C_10 °C/min_dt 1.00 s).

[0253] The procedure of EXAMPLE 1 was followed except that now 254.1 grams of the polyether polyurethane con-
taining polyamide 6 wasted fabric was dissolved in 1200 grams of DMAc and after filtration 475 grams of DMAc and
350 grams of water were used for washing of the remaining non-dissolved material on the Buchner funnel. The precipitate
was filtered off and washed with 200 grams of water and subsequently dried. The non-dissolved material on the Buchner
funnel was washed with 1000 grams of water then also dried and afterwards weighed. The weight fraction of the dry
precipitate was 8 wt.% of the total weight of the dry precipitate and the dry non-dissolved material, which was almost
equal to the weight of the starting material.

[0254] Analysis by Differential Scanning Calorimetry (DSC) revealed that the polyether polyurethane content of the
dry precipitate was circa 100 wt.% (polyamide 6 was not detected). The polyamide 6 content and the polyether poly-
urethane content of the dry non-dissolved material were circa 99 wt.% and less than 1 wt.%, respectively (DSC analysis).
[0255] Therecovered polyether polyurethane precipitate can be re-used as-such or in combination with virgin polyether
polyurethane in the production of textiles.

[0256] This EXAMPLE shows that polyether polyurethane and polyamide 6 can be separated from polyether poly-
urethane containing polyamide 6 wasted fabric by selective extraction, precipitation of the dissolved polyether poly-
urethane and washing of the non-dissolved polyamide 6. After drying, the recovered precipitate consists of almost pure
polyether polyurethane and the polyether polyurethane content of the non-dissolved material is much lower than that of
the starting material polyether polyurethane containing polyamide 6 wasted fabric.

EXAMPLE 3

Depolymerization of polyamide 6 and recovery of e-caprolactam

[0257] The dry non-dissolved material obtained in EXAMPLE 1 was first densified before it was charged to the depo-
lymerization reactor. The dry non-dissolved material was melted under nitrogen at 237 °C and forced through a perforated
metal plate. The obtained strands were cooled down to room temperature and cut into pellets. The diameter and the
length of the resulting pellets were 3 mm and 1 cm, respectively.

[0258] 48 grams of these polyamide 6 containing pellets and 14 grams of 20 wt.% phosphoric acid were charged to
a Premex high pressure autoclave. First, the reactor content was heated under nitrogen and subsequently superheated
steam was injected continuously at a rate of 4 grams per minute during the 120-minute reaction. The temperature and
the pressure in the reactor were maintained at 260 °C and 0.11 MPa, respectively. During the reaction a vapor stream
was continuously discharged from the reactor and was cooled down to ca. 20 °C, whereby an e-caprolactam and water
comprising condensate was obtained.

[0259] The condensate that composed of 41 grams of e-caprolactam, most of the remainder being water, was con-
centrated by evaporation in a rotavap (rotary evaporator) that was operated under vacuum (9.5 kPa; water bath tem-
perature was ca. 65 °C) to an g-caprolactam concentration of 51.5 wt.%. (This mixture, crude e-caprolactam, is the
mixture to be purified.)

[0260] The specifications of the crude e-caprolactam were:

PAN: 389
E290: 342

[0261] This EXAMPLE shows that crude e-caprolactam can be obtained by depolymerization of polyamide 6 that has
been obtained by extractive separation from polyether polyurethane containing polyamide 6 wasted fabric.
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EXAMPLE 4

Depolymerization of polyamide 6 and recovery of e-caprolactam

[0262] The procedure of EXAMPLE 3 was followed except that now 48 grams of pellets made from dry non-dissolved
material obtained in EXAMPLE 2 and 14 grams of 20 wt.% phosphoric acid were charged to a Premex high pressure
autoclave.

[0263] The condensate that composed of 33 grams of e-caprolactam, most of the remainder being water, was con-
centrated by evaporation in a rotavap that was operated under vacuum (9.5 kPa; water bath temperature was ca. 65
°C) to an e-caprolactam concentration of 64.6 wt.%. (This mixture, crude e-caprolactam, is the mixture to be purified.)
[0264] The specifications of the crude e-caprolactam were:

PAN: 214
E290: 2.68

[0265] This EXAMPLE shows that crude e-caprolactam can be obtained by depolymerization of polyamide 6 that has
been obtained by extractive separation from polyether polyurethane containing polyamide 6 wasted fabric.

COMPARATIVE EXPERIMENT 1
Depolymerization of polyether polyurethane

[0266] The procedure of EXAMPLE 3 was followed except that now 37.6 grams of polyether polyurethane fibers (same
material as included in the wasted fabrics used in EXAMPLE 1 and EXAMPLE 2) and 14 grams of 20 wt.% phosphoric
acid were charged to a Premex high pressure autoclave.

[0267] 10 minutes after starting the injection of the superheated steam the experiment had to be stopped, because
the line for discharging the e-caprolactam and water comprising vapor stream was clogged by an insoluble material.
[0268] From this COMPARATIVE EXPERIMENT, it can be concluded that depolymerization of polyether polyurethane
containing polyamide 6 wasted fabric without removal of polyether polyurethane prior to the depolymerization can give
operational issues.

COMPARATIVE EXPERIMENT 2

Depolymerization of polyether polyurethane containing polyamide 6 wasted fabric and recovery of e-caprolactam

[0269] The procedure of EXAMPLE 3 was followed except that now 48 grams of pellets made from polyether poly-
urethane containing polyamide 6 wasted fabric with a polyether polyurethane content of 20.2 +/- 0.4 wt.% (same feedstock
as used in EXAMPLE 1) and 14 grams of 20 wt.% phosphoric acid were charged to a Premex high pressure autoclave.
[0270] The condensate that composed of 26 grams of e-caprolactam, most of the remainder being water, was con-
centrated by evaporation in a rotavap that was operated under vacuum (9.5 kPa; water bath temperature was ca. 65
°C) to an e-caprolactam concentration of 47.0 wt.%. (This mixture, crude e-caprolactam, is the mixture to be purified.)
[0271] The specifications of the crude e-caprolactam were:

PAN: 352
E290: 3.60

Observations:
[0272]

¢ The obtained condensate before concentration did contain an unknown precipitate
e Fouling of the internal walls of the Premex high pressure autoclave was seen after this depolymerization experiment

[0273] From this COMPARATIVE EXPERIMENT, it can be concluded that depolymerization of polyether polyurethane

containing polyamide 6 wasted fabric without removal of polyether polyurethane prior to the depolymerization can give
operational issues. Another observation is that the g-caprolactam yield in this COMPARATIVE EXPERIMENT is much

29



10

15

20

25

30

35

40

45

50

55

EP 4 306 585 A1
lower than in EXAMPLE 3 (with pre-treated polyether polyurethane containing polyamide 6 wasted fabric as feed),
whereby the e-caprolactam yield is defined as the ratio of the weight of e-caprolactam in the condensate to the weight
of polyamide 6 in the feed that is charged to the Premex high pressure autoclave.

COMPARATIVE EXPERIMENT 3

Purification by distillation

[0274] 75 mmol of aqueous sodium hydroxide per kg e-caprolactam was then added to a part of the crude e-caprolactam
obtained in COMPARATIVE EXPERIMENT 2. This mixture was then distilled by reducing the pressure in steps. e-
caprolactam was distilled at 300 Pa.

[0275] The specifications of the distilled e-caprolactam were:

PAN: 31
E290: 3.08
VB: 2.45 mmol/kg

Alkalinity: ~ 3.13 mmol/kg

[0276] This COMPARATIVE EXPERIMENT shows that the quality of e-caprolactam that is obtained by depolymeri-
zation of polyether polyurethane containing polyamide 6 wasted fabric (without pre-treatment in a separation section,
in which the polyamide 6 and polyether polyurethane comprising material is separated in a polyamide 6 rich stream and
a polyether polyurethane rich stream) and subsequently concentrated and purified by distillation is very poor as it does
not meet any of the required specifications for major polymerization applications.

COMPARATIVE EXPERIMENT 4

Purification by distillation

[0277] 75 mmolof aqueous sodium hydroxide per kg e-caprolactam was then added to a part of the crude g-caprolactam
obtained in EXAMPLE 3. This mixture was then distilled by reducing the pressure in steps. e-caprolactam was distilled
at 300 Pa.

[0278] The specifications of the distilled e-caprolactam were:

PAN: 33
E290: 0.39
VB: 2.12 mmol/kg

Alkalinity:  2.24 mmol/kg

[0279] From this COMPARATIVE EXPERIMENT, it can be concluded that purification of crude e-caprolactam by just
distillation is insufficient to meet the required specifications for major polymerization applications.

COMPARATIVE EXPERIMENT 5

Purification by permanganate treatment and distillation

[0280] The crude e-caprolactam obtained in EXAMPLE 3 was treated with 0.2 wt.% KMnO, with regard to e-caprolactam
at 50 °C for 2 hours. The solids formed were then removed from the oxidized reaction product by means of a filtration.
[0281] The e-caprolactam in the oxidized reaction product was after addition of 75 mmol of aqueous sodium hydroxide
per kg e-caprolactam further purified by distillation as described in COMPARATIVE EXAMPLE 4.

[0282] The specifications of the distilled e-caprolactam were:

PAN: 23

E290: 0.63
VB: 2.26
Alkalinity: 1.69
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[0283] From this COMPARATIVE EXPERIMENT, it can be concluded that purification of crude e-caprolactam by
permanganate treatment succeeded by distillation is insufficient to meet all the required specifications for major polym-
erization applications as quantified above.

EXAMPLE 5

Purification by extraction, oxidation and distillation

[0284] Part of the crude e-caprolactam obtained in EXAMPLE 4 was further concentrated by evaporation in a rotavap
that was operated under vacuum (9.5 kPa; water bath temperature was ca. 65 °C) to an g-caprolactam concentration
of 37.9 wt.%. (This mixture, concentrated crude g-caprolactam, is the mixture to be purified.)

[0285] The concentrated crude e-caprolactam was 11 times batch-wise extracted with a solvent mixture of 4-methyl-
2-pentanol (50 wt.%) / cyclohexane (50 wt.%) at a temperature of ca. 25 °C. Total amount of extraction solvent used
was 3.22 grams of 4 methyl-2-pentanol / cyclohexane per gram of concentrated crude e-caprolactam.

[0286] The concentrated extracts were 7 times batch-wise extracted with water at a temperature of ca. 25 °C. Total
amount of water used was 5.67 grams of water / gram of recovered e-caprolactam.

[0287] The combined aqueous extracts were treated with 0.1 wt.% KMnO, with regard to e-caprolactam at 50 °C for
2 hours. The solids formed were then removed from the oxidized reaction product by means of a filtration.

[0288] The resulting mixture was concentrated by evaporation in a rotavap that was operated under vacuum (9.5 kPa,
water bath temperature was ca. 65 °C) to an g-caprolactam concentration 0of 49.7 wt.%. The g-caprolactam in the resulting
concentrated aqueous solution was after addition of 75 mmol of aqueous sodium hydroxide per kg e-caprolactam further
purified by distillation as described in COMPARATIVE EXAMPLE 4.

[0289] The specifications of the distilled e-caprolactam were:

PAN: 0.9

E290: 0.03
VB: 0.07
Alkalinity: 0.10

[0290] From this EXPERIMENT, it can be concluded that purified e-caprolactam that meets the required specifications
for major polymerization applications can be obtained from depolymerized polyether polyurethane containing polyamide
6 wasted fabric from which polyether polyurethane has been removed by extraction and has been purified by extraction,
oxidation and distillation.

EXPERIMENT 6

Calculation of carbon footprint of purified e-caprolactam and polyether polyurethane

[0291] A continuous process according to the invention for the production of purified e-caprolactam and polyether
polyurethane from polyether polyurethane containing polyamide 6 wasted fabric was simulated. The process included:

- Cutting polyether polyurethane containing polyamide 6 wasted fabric in small pieces

- Selective extraction of polyether polyurethane with DMAc;

- Separation of non-dissolved polyamide 6 and polyether polyurethane rich stream by centrifugation;

- Washing of non-dissolved polyamide 6 with water;

- Separation of washed non-dissolved polyamide 6 and aqueous extract by centrifugation;

- Precipitation of polyether polyurethane from the polyether polyurethane rich stream by addition of the aqueous
extract obtained above;

- Separation of precipitated polyether polyurethane by filtration from DMAc-water mixture;

- Recovery of DMAc and water from DMAc-water mixture obtained above;

- Drying of filtered polyether polyurethane;

- Drying of washed non-dissolved polyamide 6;

- Melting and pelletization of washed non-dissolved polyamide 6;

- Depolymerization of polyamide 6 under influence of H3PO, and superheated steam;

- Recovery of crude e-caprolactam (80 wt.% e-caprolactam) by partial condensation of vapors discharged from de-
polymerization reactor;

- Counter-current extraction of concentrated crude e-caprolactam with toluene;
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- Washing of organic extract with diluted caustic solution;

- Counter-current extraction of washed organic extract with water;
- Treating with KMnO, and filtration of the formed solids;

- Evaporative concentration of aqueous extract;

- Addition of caustic;

- Recovery of pure g-caprolactam by vacuum distillation.

[0292] The carbon footprints of purified e-caprolactam and polyether polyurethane were calculated based on the
consumption figures of raw materials, and utilities of the above described process are based on data originating from
ecoinvent version 3.7.1. The distribution of the environmental impact between the products purified e-caprolactam and
polyether polyurethane in the pre-treatment section and in the separation section was based on the weight ratio of these
products.

[0293] The outcome revealed that the product carbon footprint of purified e-caprolactam obtained from polyether
polyurethane containing polyamide 6 wasted fabric is less than 3.0 ton CO, eq./ton of e-caprolactam and less than 1.0
ton CO, eq./ton of polyether polyurethane.

[0294] While the invention has been described and with reference to specific embodiments thereof, it will be apparent
to those of ordinary skill in the art that various changes and modifications, including (semi-)continuous operations and
upscaling to commercial scale, can be made therein without departing from the spirit and scope thereof.

Claims

1. A process for recovering e-caprolactam and polyether polyurethane from a polyamide 6 and polyether polyurethane
comprising material in a plant, wherein the plant comprises

- a separation section [B],
- a depolymerization section [C], and
- a recovery section [D],

and wherein the process comprises the steps of:

a) charging polyamide 6 and polyether polyurethane comprising material to the separation section [B];

b) separating the polyamide 6 and polyether polyurethane comprising material in a polyamide 6 rich stream
and a polyether polyurethane rich stream in the separation section [B] by selective dissolution of the polyether
polyurethane in an organic solvent at a temperature below 100 °C, preferably at a temperature ranging from 0
°Cto 100 °C, more preferably at a temperature ranging from 10 °C to 90 °C, even more preferably atatemperature
ranging from 10 °C to 80 °C, and most preferably at a temperature ranging from 20 °C to 75 °C, wherein the
polyether polyurethane rich stream is a solution comprising the organic solvent and polyether polyurethane;
c.1) discharging the polyamide 6 rich stream from separation section [B] and charging the polyamide 6 rich
stream to depolymerization section [C] wherein the polyamide 6 content of the polyamide 6 rich stream is at
least 85 % by weight on dry-weight basis;

c.2) depolymerizing the polyamide 6 in the polyamide 6 rich stream in the depolymerization section [C] at a
temperature ranging from 180 °C to 400 °C so that an e-caprolactam comprising stream is obtained and dis-
charging the obtained g-caprolactam comprising stream from the depolymerization section [C];

c.3) recovering crude g-caprolactam from said e-caprolactam comprising stream in the recovery section [D];
d.1) recovering polyether polyurethane from the polyether polyurethane rich stream in the separation section
[B]; and

d.2) discharging said recovered polyether polyurethane from the separation section [B] wherein the polyether
polyurethane content of the discharged stream is at least 85 % by weight on dry-weight basis.

2. A process according to claim 1, wherein the plant comprises
- a purification section [E],
and wherein the process further comprises the steps of:

c.4) purifying the crude e-caprolactam obtained in the recovery section [D] in the purification section [E] to obtain
purified e-caprolactam wherein the purification comprises the steps of
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(i) extracting the crude e-caprolactam with an organic solvent so that an aqueous phase and an organic phase
are obtained, and wherein the organic phase comprises the organic solvent, e-caprolactam and impurities;

(i) optionally, switching the solvent by replacing the organic solvent at least partially with water, whereby an
aqueous phase comprising water, g-caprolactam and impurities with lower- or higher-boiling points than e-
caprolactam is obtained; and

(iii) obtaining purified e-caprolactam by distillative removal of impurities with lower- or higher-boiling points than
g-caprolactam.

3. A process according to claim 2, wherein the separation section [B] comprises:

- a dissolution section [a],

- a washing section [f],

- a precipitation section [y], and
- a solvent distillation section [5],

and wherein the process comprises the following steps in the separation section [B]:

b.1) charging an organic solvent, and polyamide 6 and polyether polyurethane comprising material to the dis-
solution section [a];

b.2) dissolving polyether polyurethane from the polyamide 6 and polyether polyurethane comprising material
in an organic solvent in the dissolution section [a], so that a polyether polyurethane rich stream comprising
organic solvent and dissolved polyether polyurethane, and a stream comprising non-dissolved polyamide 6 are
obtained and discharging the obtained streams from the dissolution section [a];

b.3) charging a second solvent and said polyether polyurethane rich stream comprising organic solvent and
dissolved polyether polyurethane to the precipitation section [y] so that polyether polyurethane is precipitated
from a mixture comprising organic solvent and second solvent;

b.4) recovering said precipitated polyether polyurethane from said mixture comprising organic solvent and
second solvent and discharging said precipitated polyether polyurethane from the precipitation section [y];
b.5) discharging the mixture comprising organic solvent and second solvent from which precipitated polyether
polyurethane has been recovered in step b.4) from the precipitation section [y] and charging said mixture to the
solvent distillation section [3];

b.6) charging a third solvent and the stream comprising non-dissolved polyamide 6 to the washing section [B];
b.7) washing the stream comprising non-dissolved polyamide 6 with the third solvent in the washing section [f],
so that a polyamide 6 rich stream and a mixture comprising organic solvent and third solvent are obtained;
b.8) discharging said polyamide 6 rich stream from the washing section [B];

b.9) discharging the mixture comprising organic solvent and third solvent that is obtained in step b.7) from the
washing section [] and charging said mixture partly or completely to the solvent distillation section [3];

b.10) separating organic solvent from the second solvent and the third solvent by distillation in the solvent
distillation section [3] and discharging the second solvent, the third solvent, and the separated organic solvent
from the solvent distillation section [3].

4. Aprocess according to claim 3, wherein the separated organic solvent that is discharged from the solvent distillation
section [8] in step b.10) is charged to the dissolution section [a] in step b.1).

5. A process according to any one of claims 1 to 4, wherein

(i) the polyamide 6 rich stream that is discharged from the separation section [B] is dried prior to being charged
to the depolymerization section [C]; and/or

(ii) the depolymerization in step c.2) is performed in the presence of water so that the e-caprolactam comprising
stream is a vapor stream comprising e-caprolactam and water in a weight to weight ratio of from 1:1 to 1:50, in
particular from 1:2 to 1:15, from 1:2 to 1:10 or from 1:3 to 1:8; and/or

(iii) the depolymerization section [C] is charged with superheated steam having a temperature ranging from 220
°C to 575 °C, in particular from 275 °C to 500 °C.

6. A process according to any one of claims 3 to 5, wherein the recovered polyether polyurethane that is discharged
from the precipitation section [y] in step b.4) is re-used in the production of textiles.

7. A process according to any one of claims 1 to 6, wherein the plant further comprises
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- a pre-treatment section [A],

and wherein prior to step a) the polyamide 6 and polyether polyurethane comprising material is subjected to a pre-
treatment in the pre-treatment section [A], in particular to a cleaning in a cleaning section and/or to a mechanical
size reduction in a mechanical size reduction section.

A process according to any one of claims 1 to 7, wherein the organic solvent is dimethylacetamide.

A process according to any one of claims 1 to 8, wherein the second solvent and the third solvent are the same
solvent, more preferably water.

A process according to any one of claims 1 to 8, wherein the second solvent in step b.3) is partly or completely the
mixture comprising organic solvent and third solvent that is obtained in step b.7) from the washing section [f].

A process according to any one of claims 1 to 10, wherein the second solvent and the third solvent that are discharged
from the solvent distillation section [§], optionally after separation from each other, are re-used in the precipitation
section [y] and/or in the washing section [].

A process according to any one of claims 4 to 11, wherein degradation products of the organic solvent are removed
prior to charging the separated organic solvent that is discharged from the solvent distillation section [5] in step b.10)
to the dissolution section [a] in step b.1).

A plant for the production of purified e-caprolactam and polyether polyurethane from polyamide 6 and polyether
polyurethane comprising material, wherein the plant comprises

- optionally, a pre-treatment section [A],

- a separation section [B],

- a depolymerization section [C],

- a recovery section [D], and

- optionally, a purification section [E], and

wherein the chemical plant is configured for carrying out a process as defined in any one of claims 1 to 12.

Polyether polyurethane obtained by a process as defined in any one of claims 1 to 12, wherein the polyether
polyurethane has a product carbon footprint of less than 1.0 kg CO, per kg recovered polyether polyurethane.

g-caprolactam obtained by a process as defined in any one of claims 1 to 12, wherein the e-caprolactam has a
product carbon footprint of less than 3.0 kg CO,, per kg purified e-caprolactam.
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